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PREFACE 


This  is  one  of  a series  of  NBS  reports  of  spectro- 
photometric  and  colorimetric  work  done  under  NBS 
Project  0201-20-2325  entitled  Color  Reconnaissance 
Studies,  financed  by  the  Aerial  Reccxinaissance 
Laboratory,  Wright  Air  Development  Center,  Wright- 
Patterson  Air  Force  Base,  Ohio;  Air  Force  Contract 
No.  33  (616)  52-21.  It  is  coordinated  with  Air  Force 
Contract  No.  33  (6I6)  - 262  under  Dr.  Hugh  T.  O’Neill, 
O’Neill  Associates,  Annapolis,  Maryland,  who  requested 
the  NBS  to  perform  this  test  of  leaves  of  trees,  and 
who  collected  and  identified  the  American  leaf  speci- 
ments  and  grouped  and  identified  the  Canadian  leaf 
specimens  • 

Harry  J.  Keegan 

Project  Leader 


SPECTROPHDTOMETRIC  AND  COLORIMETRIC 


RECORD  OF  SDME 

LEAVES  OF  mEES,  VEGETATION,  AND  SOIL. 

Hsury  J.  Keegan,  John  C.  SchLeter,  Wiley  A*  Hall,  Jr.,  and 

Gladys  M.  Haas.* 

Abstract 

Visible  and  near  infl*ared  measurements  of  spectral  directional 
reflectance  have  been  made  on  some  selected  leaves  of  deciduous  treeq 
from  the  Annapolis,  Maryland,  and  Washington,  D.  C.  areas  of  the  United 
States  of  America,  and  from  the  Ottawa,  Ontario,  area  of  the  Dominion 
of  Canada  on  a General  Electric  recording  spectrophotometer  for  the 
spectral  region  UOO  to  1080  millimicrons®  These  recordings  have  been 
illustrated  and  tables  of  data  are  included  as  well  as  graphs  and  tables 
of  chromaticity  coordinates,  daylight  reflectances,  Mansell  renotations, 
and  ISCC-NBS  color  designations.  In  addition,  color  difference  deter- 
minations in  terms  of  the  NBS  unit  of  color  difference  have  been  made 
between  similar  leaf  specimens  and  between  the  ventral  and  the  dorsal 
sides  of  the  same  leaf  specimens®  Similar  reductions  are  reported  and 
illustrated  for  some  natural  formations  in  the  USSR  as  reported  in  the 
literature. 


* Miss  Gladys  M.  Haas  is  at  present  employed  at  the  Mare  Island  Naval 
Shipyard,  San  Francisco,  California. 
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I>  Introduction 

The  overall  objective  of  this  Air  Force  investigation  is  stated  as 
follows:  "To  develop  by  visible,  near  infrared,  and  near  ultraviolet 

spectrophotometry,  methods  for  the  detection  of  objects  from  color  recon- 
naissance; to  study  the  colors,  tcnal  contrast,  and  color  separation 
necessary  in  aerial  photography  to  yield  maximum  information;  to  determine 
the  wavelength  region  at  which  the  film  manufacturer  sho\iLd  strive  to 
obtain  maximum  sensitivity  to  yield  clear  separation  of  an  object  from 
its  adjacent  area  rather  than  to  yield  true  color  fidelity;  to  determine 
the  characteristics  required  in  a sensitized  material  for  the  rapid  and 
accurate  extraction  of  this  information,” 


This  particular  report  pertains  to  the  spec trophotome trie  and  colori- 
metric changes  that  appear  in  the  background  of  an  aerial  scene;  namely, 
the  leaves  of  trees,  vegetati<xi,  and  soil.  The  leaves  studied  are  from 
some  of  the  prominent  deciduous  trees  in  eastern  parts  of  the  United  States 
of  America  and  in  eastern  parts  of  the  Dominion  of  Canada.  The  vegetation 
and  soil  are  some  of  those  reported  by  Krinov  )^1']  in  Russia  from  the 
Eastern  part  of  Europe  and  the  Western  part  of  Asia, 


The  method  of  measurement  and  cai5)utation  is  that  requested  in  the 
original  project  proposal  and  used  in  three  previous  reports  of  this 
project  \^2,  3,  U"]  . 

The  leaves  of  trees  were  studied  chiefly  for  other  purposes,  and  the 
results  are  recorded  here  for  ready  reference  as  a start  toward  a collection 
of  the  complete  information  required  for  reliable  interpretation  of  aerial 
photographs. 


II,  Material 


With  the  exception  of  the  seven  Russian  specimens  for  which  data  were 
taken  from  Krinov  \Ji\  , all  of  the  specimens  of  this  report  were  supplied 
by  Dr.  H.  T.  0* Neill,  O'Neill  Associates,  Annapolis,  Maryland,  on  five 
work  requests  in  the  fall  of  1952  and  the  spring  of  1953*  These  five  work 
requests  were  assigned  NBS  serial  numbers  2.1/WADC-U/52,  -5/52,  -8/52, 
-19/53,  and  -20/53,  Copies  of  these  original  work  requests  are  included 
in  Appendix  F of  this  report.  The  first  four  work  requests  pertain  to  the 
leaves  of  deciduous  trees  picked  in  the  Eastern  part  of  the  United  States 
of  America,  three  of  them  in  the  late  fall  of  the  year  just  before  and 
just  after  the  first  ftost  of  the  season,  and  one  in  the  early  spring  of 
the  year.  The  fifth  work  request  pertained  to  two  shipments  of  leaves 
collected  on  May  10  and  18,  1953  by  Dr.  J.  M.  Robinson,  Department  of 
Resources  and  Development,  Ottawa,  Canada,  fi*om  deciduous  trees  near 
there,  and  sent  to  Dr.  O'Neill,  at  his  request,  who  in  turn  selected 
certain  representative  specimens  as  examples  of  "early  foliage  in  the 


Numbers  in  brackets  refer  to  bibliography  on  page  l57  of  this  report, 


^ . - rn 


1 


ft 


f t 


yi 


;>:««* 

* 

, J 


»»’  • ' 


Ai^ 


fX  ''fu 


’ ftiiroj  ,.  . Hf 

\ L>  *■  - 1 ■■ " *-.iv  r-  "*fi?  ^ 

. -^c'-  /i?;’’ r,‘:.>i:--.  ?:'tt -£>>^4331 

■:■  ■■■  ; / 

' ■ '-V 


j ■ ■ f- 


( .: 


.*(-  -*  ■»ll^  ■ 

' ■ V'  “TS“ 


.•  . . . . o'-  j:  i 

i'-  ’■ 

.**,  ■ ,.  1 fr-  ',,  i'iiiC  If.  ^ 

: *-4  . M viZ  c«r:^  )» 

M,  r ■ ■ -..lit  Is'i,  ‘ f.r*£4‘J 

,Ay,-“  . 4^\t\  ffj  *V 


'•I'l 

f 


. VT  X'“  t. 


^43a  '#a.o 

],6‘ ; ■ itii!fcr  -V# 

«i  •■(ii  ^ -.>... 'I ^ 

^ *iiip 


I'  'V' 


A i'K  . 


/ • 


.#*.*, 


I 


-1*- 


subarctic  deciduous  forestj  also  dead  overwintered  leaves  on  the  ground”. 
Detailed  designations  of  these  specimens  are  listed  in  Tables  I,  VE,  and 
XI  of  this  report. 

III.  Spectrophotometric  Measurements 

Measurements  of  spectral  directional  reflectance  were  made  on  the 
NBS  General  Electric  recording  spectrophotometer  6^  for  the  American 
and  the  Canadian  Forest  leaves.  In  most  cases  these  measurements  covered 
the  visible  and  near  infrared  spectrum,  UOO  to  1080  millimicrons.  However, 
those  leaves  picked  in  the  late  fall  in  the  United  States  and  most  of  the 
Canadian  leaves  were  measured  for  the  visible  spectrum  only  (UOO  to  7^0 
millimicrons). 


In  each  case  the  ventral  side  of  the  tree  leaf  was  considered  to  be 
the  side  on  which  the  measurements  were  to  be  made;  however,  when  differ- 
ences between  the  ventral  and  dorsal  side  of  the  specimens  seemed  to  be 
large,  measurements  were  made  on  both  sides  of  the  specimen.  For  each 
measurement,  a backing  specimen  similar  to  the  measured  specimen  was 
selected  and  the  measured  specimen  was  placed  on  top  of  the  backing 
specimen  and  both  specimens  were  held  firmly  against  the  integrating 
sphere  of  the  instrument  by  a wooden  block  covered  with  black  paper. 


The  measurements  were  made  for  the  condition  of  inclusion  of  the 
specular  corr^jonent  of  the  reflected  radiant  energy.  The  slit  widths  used 
for  these  measurements  were  approximately  10  millimicrons  of  spectrum  for 
the  spectral  region,  1|00  to  750  millimicrons  (visible  spectrum),  and  20 
millimicrons  of  spectrum  for  the  spectral  region  730  to  1080  millimicrons 
(near  infrared  spectrum). 


IV.  Spectrophotometric  Results 

The  results  of  the  spectrophotometric  measurements  of  this  report  are 
shown  on  the  20  Ozalid  prints  of  the  original  recordings  from  the  General 
ELecIric  recording  spectrophotometer.  These  Ozalid  prints  are  a part  of 
Appendices  A and  C of  this  report;  fifteen  of  them  are  for  the  visible 
spectrum,  UOO  to  750  millimicrons,  and  five  of  them  are  for  the  near 
infrared  spectrum,  730  to  1080  millimicrons.  Ten  of  the  graph  sheets 
contain  calibration  curves  for  the  correction  of  the  wavelength  and  photo- 
metric scale  errors  1^7,  8]  . 

Afelues  of  spectral  directional  reflectances  were  read  at  each  ten 
millimicron  interval  from  UOO  to  750  millimicrons  or  from  UOO  to  1080 
millimicrons,  whichever  was  available  for  each  of  the  U9  spectrophotometric 
curves  of  21  leaf  specimens  of  American  trees,  and  for  each  of  the 
spectrophotomelric  curves  of  2k  leaf  specimens  of  Canadian  trees.  These 
97  sets  of  spectrophotometric  data  are  listed  in  Appendices  B,  D,  and  E 
of  this  report  together  with  the  spectrophotometric  data  published  by 
Krinov  for  the  seven  samples  of  Russian  terrain  having  data  reported 
continuously  from  UOO  to  900  millimicrons. 
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V>  Colorimetric  Computations 


The  spectral -directional -reflectance  data  of  each  of  these  se^venty- 
fonr  specimens  listed  in  Appendices  B,  D,  and  E for  the  visible  spectrum 
(UOO  to  750  minimicrons ) were  converted  into  terms  of  luminous  reflect- 
ance, Y,  and  chromaticity  coordinates,  x,  y of  the  C.I.E.  colorimetric 
system  by  integration  accco’ding  to  the  C.I.E.  standard  observer  [9]  for 
C.I.E.  source  C,  representative  of  average  daylight. 

These  chromaticity  coordinates  and  daylight  reflectances  are  listed 
in  tables  at  the  end  of  each  of  the  three  classifications  of  this  report, 
and  in  illustrations  of  the  C.I.E.  chromaticity  diagram  under  each  classi- 
fication; namely,  American,  Canadian,  and  Russian. 

VI.  Munsell  Renotations  and  ISCC-NBS  Color  Designations 

From  the  above  mentioned  determinations  of  C.I.E.  chroma tic ities  and 
daylight  reflectances  of  the  seventy-four  specimens  studied  in  this  report 
the  Munsell  renotations  were  obtained  from  graphs  of  conversion  fi»om  the 
C.I.E.  system  to  the  Munsell  Renotation  System  [lO]  . These  Munsell 
renotations  then  were  converted  into  terms  of  the  ISCC-NBS  (Inter- Society 
Color  Council  - National  Bureau  of  Standards)  color  designations  [ill  . 
Similarly,  these  renotations  and  color  designations  are  listed  in  taoles 
and  illustrated  in  graphs  under  the  respective  country  of  origin  of  the 
specimens. 


VII.  Color  Difference  Computations 

From  the  ftosell  renotations  of  the  fifty-two  determinations  of 
twenty-six  of  the  American  and  the  Canadian  leaves,  color  differences  in 
terms  of  the  NBS  unit  of  color  difference  (AE)  were  computed  by  means 
of  the  Godlove  formula  [l2l  , as  follows; 

^%BS  " 5 [«C.  C2  + (Ac)^  + (liAV)^J  , 

where,  ^(H)  = 1 - cos  3.6  ® AH  . 

These  results  are  tabulated  for  the  American  leaves  in  Table  V for 
differences  between  four  sets  of  the  ’\entral  sides  of  similar  leaves 
picked  and  measured  on  successive  days.  Also  tabulated  are  color  dif- 
ferences between  the  ventral  and  the  dorsal  sides  of  ten  other  pairs 
of  American  leaves.  Illustrations  of  these  changes  are  shown  in  Figures 
16,  17,  and  18.  Similar  color  differences  for  the  color  changes  between 
the  ventral  and  the  dorsal  sides  of  twelve  sets  of  Canadian  leaves  are 
shown  in  Table  X and  illustrated  in  Figure  36.  Color  differences  between 
the  two  grasses  and  the  two  soils  reported  by  Krinov  were  also  computed 
and  are  listed  in  Table  XIV  and  illustrated  in  Figure  U3* 
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- VIII*  American  Forest  Leai^s. 

Table  I lists  the  cominon  name,  the  Latin  name,  and  the  dates  of  picking 
and  measuremeirt  of  the  twenty-one  leaf  specimens.  This  is  followed  by 
eighteen  illustrations  (Fig\ires  1 to  18)  showing  a record  of  the  thirty- 
one  determinations  of  these  21  specimens  of  leaves  from  deciduous  trees  or 
shrubs  in  the  eastern  part  of  the  United  States  of  America. 

The  first  seven  illustrations  show  the  spectral  directional  reflectance 
curves  of  the  specimens  designated  in  the  legends  of  the  illustrations,  and 
listed  in  the  index  to  Appendix  A.  The  data  plotted  in  the  illustrations 
are  taken  from  that  listed  in  Appendix  B. 

The  chromaticity  coordinates  of  the  sanq^les  of  these  seven  illustra- 
tions are  shown  in  segments  of  the  C.I.E.  chromaticity  diagram  for  standard 
source  C,  Figures  8,  9,  and  10.  The  data  used  for  these  illustrations  are 
listed  in  Table  II. 


The  Munsell  renotations  of  these  same  specimens  are  illustrated  in  the 
schematic  diagrams  of  the  ’'Ideal  Munsell  System”  in  Figures  11  to  l5.  The 
data  used  for  these  illustrations  are  listed  in  Tables  III  and  IV  together 
with  the  corresponding  ISCC-NBS  color  designation. 

Determinations  were  made  of  the  color  differences  between  separate 
san5>les  picked  from  the  same  tree  and  between  the  ventral  and  the  dorsal 
sides  of  the  same  leaf.  This  information  is  listed  in  Table  V and  illus- 
trated in  Figures  16,  17,  and  l8. 

Each  specimen,  when  received,  was  identified  by  the  common  name  of  the 
tree,  such  as  ”ASP£U”,  from  which  it  was  taken,  and  by  a word,  such  as 
”Blackening” , descriptive  of  the  phase  of  color  change  of  which  the  leaf 
was  judged  to  be  representative.  These  identifying  words  are  used  through- 
out this  report  except  in  the  illustrations.  When  more  than  one  phase  in 
the  color  change  of  leaves  from  one  kind  of  tree  was  represented,  these 
phases  were  designated  by  consecutive  numbers  on  the  illustrations  to  save 
space.  Thus,  BEECH,  BEECH  ”Russet  Brown”,  and  BEECH  ” Yellow”,  are  identi- 
fied in  the  illustrations  as  BEECH  (1),  BE2CH  (2),  and  BEECH  (3),  and  the 
same  method  is  used  for  DOGWOOD,  SPANISH  HAZELNUT,  MOCKERNUT  HICKORY, 

BLACK  OAK,  and  WHITE  OAK.  The  color  names  used  by  the  botanist  to  dif- 
ferentiate one  phase  of  the  leaf-color  change  from  another  are  not  to  be 
confused  with  liie  more  precise  ISCC-NBS  color  designations  derived  from 
the  Munsell  renotation  of  the  specimen. 


■•■■■  *l'^V  f"~  ■»:  , ■^  ■ *■  “ nifl 

. :-.y 

‘ '.  .’“v  y-^'-- ':  ■i&'  "*■'■ 


>,;i<lk/. ' jl^ym>Vitii.i.  , «W#dBp  ' f : '. ' ■ r:..’ 


'i^  ' VBT-'i 


..  ■ . 'V  t^r  •^i  ^-ji'. 


-^tii*  .*'  ,v.  •■ ..  ■ '7  • . ': ,J  j t*' runt*  14?^  ^ 


♦ f 

:f 


’ riB'tp  ■‘''  ’K  f^^r-*?ir.;  .•*»  f t*  ^ 'J 

, V’  ,.'>,#4±^^^i;'Aii'  - ''t  -i  et-^  ' ,.7H  ,^/'  ri; 

. ’ ' .'..-(TirT 


■ . ' ' Li*"  " "*' 

^ ' - kj^'-  ■*  • 


..ljr:>:-.  nt  "..LA.  .1  :*  urv,  ,T.  ^ • , ■.  *! 

-■a*. ^ ’=#/'  i*'?* ' . *'  «’•“'■  ■■■"  ^^'  '■ : 

• ‘ **'*<3-  jy-iii  ■:  7 i-:-.^ 


" i7*>£>  ' ' : .,v 


„ » •*  , , "■•'•*  ^ . ’’•  'it,  .'■■ 

•IV..*;,  - .^iti»  '■  '■  ? 

.It*'- 


n . • 


AO?""  ' 

HfjL*  ‘-<p4*>w  \M3  > J 


iT  *y;. 


„?!!t;:i  M i',>  . ^ 

^ <.i 


1$yy\-ky^^r.tp:p 

Tf;)J);i|^i,  f '’'r  ; ■ ,V --i  .CZ^4*^'- 

ift»'  43i ",  :vt ‘‘ .^i • ii4^  ' '■  '■'  'v.  /-^ ' . ■;>','•*• 

',  "t:;vr  : *»i(^  V'  iV^‘^*-v  .■•-  4. 

'1.4  aa/i-r; 


P : .-( 

kW  * 


tfA’ 


Table  I 


Identification  of  the  Leaf  Specimens  fi*om  Trees  and  Shriibs  of  the  Eastern 
Part  of  the  United  States  of  America,  and  the  Dates  of  Picking  and  Measurement. 


Spec 

imen 

Date 

Date 

Common  Name 

Latin  Name 

Picked 

Measured 

ASPEN 

Populus  grandidentata-  MiChxe . 

n-  2-52 

11-  U-52 

’’Blackening” 

BEECH  (1) 

Fagus  grandi  folia  Ehrh. 

10-16-52 

10-16-52 

BJECH  (2) 

Fagus  grandifolia  Birh. 

11-  2-52 

11-  u-52 

“Russet  Brown” 

BEECH  (3) 

Fagus  grandifolia  Ehrh. 

11-  2-52 

11-  u-52 

“Yellow” 

DOGWOOD  (1) 

Comus  florida  L. 

10-16-52 

10-16-52 

DOGWOOD  (2) 

Camus  florida  L* 

10-17-52 

10-17-52 

DOGWOOD  (3) 

Comus  florida  L. 

U-  2-52 

11-  u-52 

“Red  and  Green” 

SPANISH  HAZELNUT  (1) 

Corylus  avellana  L* 

U-22-53 

u-22-53 

"Red” 

SPANISH  HAZELNUT  (2) 

Corylus  avellana  L. 

li-22-53 

u-22-53 

"Red  and  Green" 
SPANISH  HAZEMOT  (3) 

Corylus  avellana  L. 

U-22-53 

u-22-53 

"Green  Sport" 

MOCKERNUT  HICKORI  (1) 

Carya  tomentosa  (Lam.)  Nutt. 

10-16-52 

10-16-52 

MOCKERNUT  HICKORY  (2) 

Carya  tomentosa  (Lam.)  Nutt. 

10-17-52 

10-17-52 

BLACK  OAK  (1) 

Quercus  velutina  Lam. 

10-16-52 

10-16-52 

BUCK  OAK  (2) 

Quercus  velutina  Lam. 

10-17-52 

10-17-52 

SCARLET  OAK 

Quercus  coccinea  Willd. 

11-  2-52 

11-  u-52 

"Red” 

WHITE  OAK  (1) 

Quercus  alba  L* 

10-16-52 

10-16-52 

WHITE  OAK  (2) 

Quercus  alba  L. 

10-17-52 

10-17-52 

“Green" 

WHITE  OAK  (3) 

Quercus  alba  L* 

11-  2-52 

11-  u-52 

“Red  Brown" 

WHITE  OAK  (U) 

Quercus  alba  L* 

10-17-52 

10-17-52 

"Reddish" 

PLUM 

Prunus  pissardi  Hort. 

u-22-53 

u-22-53 

"Red" 

TULIP  POPLAR 

Liriodendron  tulipifera  L. 

11-  2-52 

11-  u-52 

"Yellow" 
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Figure  1 


Visible  and  near  infrared  spectral  directional 
reflectance  of  the  ventral  side  of  the  leaves 
of  five  typical  deciduous  Irees  in  the  Annapolis, 
Maryland,  region  of  the  U.S.A.  picked  and  measured 
on  October  l6,  19$2.  They  are  Mockernut  Hickory  (1) 
Beech  (1),  Dogwood  (1),  White  Oak  (1),  and  Black 
Oak  (1).  For  further  identification  see  Table  I 
and  the  index  to  Appendix  A. 
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Figure  2 


Visible  and  near  infrared  spectral  directional 
reflectance  of  the  ventral  side  of  the  leaves  of 
five  typical  deciduous  trees  in  the  Annapolis, 
Maryland,  region  of  the  U.S.A.  picked  and  measured 
on  October  17,  1952.  They  are  Mocker  nut  Hickory  (2) 
Dogwood  (2),  White  Oak  (2)  **green”.  White  Oak  (U) 
“reddish”,  and  Black  Oak  (2).  For  further  identi- 
fication see  Table  I and  the  index  to  Appendix  A. 
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Figure  3* 

Visible  spectral  directional  reflectance  of  the 
ventral  and  the  dorsal  sides  of  the  leaves  of  two 
deciduous  trees  in  the  Annapolis,  Maryland,  region 
of  the  U.S.A.  picked  on  November  2,  1952  and 
measured  cai  November  U,  1952.  They  are  Tulip 
Poplar  ”yellow”  and  Dogwood  (3)  ”red  and  green”. 
For  further  identification  see  Table  I and  the 


index  to  Appendix  A 
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Figure  U 


'W.sible  spectral  directional  reflectance  of  the 
ventral  side  of  the  leaves  of  three  typical 
deciduous  trees  in  the  Annapolis,  Maryland, 
region  of  the  U«S.A. , and  the  dorsal  side  of 
two  of  them.  Specimens  picked  on  November  2, 

1952  and  measured  on  November  1952,  They 
are  Aspen  “blackening”  (ventral  side  only). 

White  Oak  (3)  “red  brown",  and  Scarlet  Oak  “red". 
For  further  identification  see  Table  I and  the 


index  to  Appendix  A 
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Figure  5^ 

Visible  spectral  directional  reflectance  of 
the  ventral  and  the  dorsal  sides  of  two  leaves 
of  a typical  deciduous  tree  in  the  Annapolis, 
Maryland,  region  of  the  U.S.A.  Specimens  picked 
on  November  2,  19^2  and  measured  on  November  1|, 
1952.  They  are:  Beech  (2)  "russet  brown"  and 

Beech  (3)  "yellow".  For  further  identificaticxi 
see  Table  I and  the  index  to  Appendix  A* 
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Figure  6 


^sible  and  near  infrared  spectral  directional 
reflectance  of  the  ventral  side  of  three  leaves 
of  a shrub,  and  a leaf  of  a tree,  typical  of 
’’spring  red  leaves”,  in  the  Washington,  D.  C. 
region  of  the  U.S*A*  picked  and  measured  on 
April  22,  1953*  They  are  Plum  ’’red”,  Spanish 
Hazelnut  (1)  "red”,  Spanish  Hazelnut  (3)  "green 
sport",  and  Spanish  Hazelnut  (2)  "red  and  green"* 
For  further  identification  see  Table  I and  the 


index  to  Appendix  A 
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Figure  7o 

Visible  and  near  infrared  spectral  directional 
reflectance  of  the  dorsal  side  of  three  leaves 
of  a shrub,  and  a leaf  of  a tree,  typical  of 
'•spring  red  leaves",  in  the  Washington,  D.  C. 
region  of  the  U*S.A.  picked  and  measured  oa 
April  22,  1953 <»  They  are  Plum  "red",  Spanish 
Hazelnut  (1)  "red",  Spanish  Hazelnut  (3)  "green 
sport",  and  Spanish  Hazelnut  (2)  "red  and  green"* 
For  further  identification  see  Table  I and  the 


index  to  Appendix  A 
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Figure  8 


Segment  of  the  C*I.$U  chroma ticity  diagram 
showing  dominant  wavelength,  excitation  purity, 
and  chromaticity  coordinates  for  standard  source  C 
of  the  ventral  side  of  the  leaves  of  Figures  1 and 
2;  from  data  listed  in  Table  II.  For  further 
identification  see  Table  I and  the  index  to 


Appendix  A 
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Figure  9 


Segment  of  the  C.I.E.  chromatic ity  diagram  showing 
dominant  wavelength,  excitation  purity,  and  chromatic  ity 
coordinates  for  standard  source  C of  the  ventral  (closed 
circles)  and  the  dorsal  (open  circles)  sides  of  the 
leaves  of  Figures  U,  and  5;  from  data  listed  in 
Table  II.  For  further  identification  see  Table  I 
and  the  index  to  Appendix  A« 


Figure  10 


Segment  of  the  CoI.E*  chromaticity  diagram  showing 
dominant  wavelength,  excitation  purity,  and  chroma- 
ticity  coordinaites  for  standard  source  C of  the 
ventral  (closed  circles)  and  the  dorsal  (open  cir- 
cles) sides  of  the  shrub  and  tree  leaves  of 
Figures  6 and  7|  from  data  listed  in  Table  II • 

For  further  identification  see  Table  I and  the 


index  to  Appoidix  A 
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Figure  11 


Vertical  and  horizontal  projections  of  the  color 
differences  between  the  ventral  sides  of  two  leaves 
of  Mockernut  Hickory  (1)  and  (2)  (Figures  1,  2,  and 
8),  and  between  the  ventral  (closed  circle)  and  the 
dorsal  (open  circle)  sides  of  Beech  (2)  “russet  brown” 
(Figures  5 and  9),  and  of  Beech  (3)  “yellow**  (Figures 
5 and  9)»  The  upper  diagram  shows  the  Munsell  Value 
of  these  measurements  plotted  against  the  Munsell  Hue 
and  Chroma  points  projected  from  the  lower  diagram. 

The  Munsell  data  are  listed  in  Tables  III  and  IV. 

For  further  identification  see  Table  I and  the  index 


to  Appendix  A. 
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Figtire  12 


Vertical  and  horizontal  projections  of  the  colors 
of  the  ventral  side  of  Aspen  (Figures  k and  9)  and 
of  Black  Oak  (2)  (Figures  2 and  8),  and  of  the  color 
differences  between  the  ventral  (closed  circle)  and 
the  dorsal  (open  circle)  sides  of  Dogwood  (3)  “red 
and  green”  (Figures  3 and  9)  and  of  White  Oak  (3) 
“red  brown”  (Figures  k and  9)»  The  \jpper  diagram 
shows  the  Munsell  Value  of  these  measurements  plotted 
against  the  Mansell  Hae  and  Chroma  points  projected 
from  the  lower  diagram • The  Munsell  data  are  listed 
in  Tables  III  and  IV*  For  further  identification  see 
Table  I and  the  index  to  Appendix  A. 
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Figure  13. 

Vertical  and  horizontal  projections  of:  (1)  the 
colors  of  the  ventral  side  of  Beech  (1)  (Figures  1 
and  8),  of  Black  Oak  (1)  (Figures  1 and  8),  and  of 
White  Oak  (I4)  “reddish”  (Figures  2 and  8);  (2)  the 
color  differences  between  the  ventral  (closed  circle) 
and  the  dorsal  (open  circle)  sides  of  the  leaves  of 
Scarlet  Oak  "red”  (Figures  U and  9)  and  of  Tulip 
Poplar  "yellow”  (Figures  3 and  9)|  and  (3)  the  color 
differences  between  the  ventral  sides  of  two  leaves 
of  Dogwood  (1)  and  (2)  (Figures  1,  2,  and  8).  The 
i:pper  diagram  shows  the  Munsell  Value  of  these 
measurements  plotted  against  the  Munsell  Hue  and 
Chroma  points  projected  from  the  lower  diagram* 

The  Munsell  data  are  listed  in  Tables  III  and  IV* 

For  further  identification  see  Table  I and  the  index 
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Fig-ure  lU 


Vertical  and  horizontal  projections  of  the  color 
differences  between  the  ventral  (closed  circle)  and 
the  dorsal  (open  circle)  sides  of  the  lea^/es  of  Plum 
”red”  (Figures  6,  7,  and  10)  and  of  Spanish  Hazelnut 
(1)  ”red”  (Figures  6,  7,  and  10).  The  upper  diagram 
shows  the  Mins  ell  Value  of  these  measurements  plotted 
against  the  Minsell  Hue  and  Chroma  points  projected 
from  the  lower  diagram.  The  Minsell  data  are  listed 
in  Tables  III  and  IV.  For  further  identification 
see  Table  I and  the  index  to  Appendix  A. 
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Figure  i5 

Vertical  and  horizontal  projections  ofv(l)  the 
color  differences  between  the  ventral  sides  of 
two  leaves  of  White  Oak  (1)  and  (2)  ” green” 

(Figures  1,  2,  and  8);  and  (2)  the  color  differ- 
ences between  the  ventral  (closed  circle)  and 
the  dorsal  (open  circle)  sides  of  the  leaves  of 
Spanish  Hazelnut  (3)  "green  sport”  (Figures  6,  7, 
and  10)  and  of  Spanish  Hazelnut  (2)  ”red  and  green” 
(Figures  6,  7,  and  10),  The  li^jper  diagram  shows 
the  Munsell  Value  of  these  measurements  plotted 
against  the  Munsell  Hue  and  Chroma  points  projected 
from  the  lower  diagram.  The  Munsell  data  are  listed 
in  Tables  IH  and  IV,  For  further  identificaticMi 
see  Table  I and  the  index  to  Appendix  Ao 
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Figure  l6 

Color  differences  con^Duted  from  the  Godlove 
col or -difference  formula,  converted  into  MBS 
units,  between  the  ventral  sides  of  sets  of 
«nearly"  identical  leaf  specimens,  picked  from 
the  same  tree  on  successive  days  (October  16,  1952 
and  October  17,  1952) o The  data  are  listed  in 
Table  Vo  For  further  identification  see  Table  I 
and  the  index  to  Appendix  A. 
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. Figure  17 


Color  differences  confuted  from  the  Godlove 
color-difference  formula,  converted  into  NBS 
units,  between  the  ventral  and  the  dorsal  sides 
of  the  same  leaf  specimens  picked  in  the  late 
fall  (November  2,  1952).  The  data  are  listed 
in  Table  V.  For  further  identification  see 
Table  I and  the  index  to  Appendix  A. 


Figure  18 


Color  differences  con5>uted  from  the  Godlove 
col  or- difference  formula,  converted  into  NBS 
units,  between  the  ventral  and  the  dorsal  sides 
of  the  same  leaf  specimens  picked  in  early  spring 
(April  22,  19?3).  The  data  are  listed  in  Table  V. 
For  further  identification  see  Table  I and  the 


index  to  Appendix  A 
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Table  II 


American  Forest  Leaves 

Chroma ticity  Coordinates  and  Daylight  Reflectances  for  C.I.E. 
Source  C of  the  Leaves  Studied. 


Ventral 

. Side 

Dorsal 

Side 

Chromaticity 

Daylight 

Chromaticity 

Daylight 

Coordinates 

Reflectance 

Coordinates 

Reflectance 

Specimen 

X 

y 

X 

y 

n%) 

ASPEN 

0.378 

0.362 

10.1 

"Blackening” 

BEECH  (1) 

.Uii6 

.379 

10.8 

— - 

- — 

— 

BEECH  (2) 

.lt07 

.371 

17.1* 

o.iao 

0.380 

21*.  1* 

"Russet  Brown" 

BEECH  (3) 

.1*38 

.369 

10.2 

.1*20 

.382 

15.8 

"Yellow" 

DOGWOOD  (1) 

.1*30 

.317 

7.0 

— 

— 

— 

DOGWOOD  (2) 

.U02 

.321 

6.3 

— 

— 

— 

DOGWOOD  (3) 

.370 

.31*8 

8.8 

.357 

.31*7 

18.1* 

"Red  and  Green" 

SPANISH  HAZEINUT  (l) 

.328 

.316 

h.2 

.370 

.321 

5.5 

"Red" 

SPANISH  HAZEUJUT  (2) 

.338 

.368 

6.0 

.357 

.358 

10.0 

"Red  and  Green" 

SPANISH  HAZELNUT  (3) 

.31*7 

.1*30 

9.3 

.31*9 

.UO6 

16. 6 

"Green  Sport" 

MOCXERNUT  HICKORY  (1) 

.1*57 

.1*38 

28.6 

f—  e 

— 

— 

ICCKERNUT  HICKORY  (2) 

• khl 

.1*23 

23.0 

— 

— 

BLACK  OAK  (1) 

.1*03 

.370 

13.6 

■ 

— 

— 

BUCK  OAK  (2) 

.lai* 

.368 

9.3 

— 

— 

SCARLET  OAK 

.362 

.319 

U.8 

.387 

.338 

7.9 

"Red" 

WHITE  OAK  (1) 

.355 

.1*22 

12.2 

— 

— 

WHITE  OAK  (2) 

.361* 

.1*23 

ll*.3 



"Green" 

WHITE  OAK  (3) 

.1*00 

.358 

7.8 

.360 

.31*1 

12.5 

"Red  Brown" 

WHITE  OAK  (It) 

.1*21 

.351* 

11.1 

— 

— 

"Reddish" 

PLUM 

.366 

.351* 

7.1 

.365 

.336 

10.1 

"Red" 

TULIP  POPLAR 

.1*55 

.392 

13.8 

.UiO 

.1*02 

17.1* 

Yellow*' 
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Table  III 


American  Forest  Leaves 

Mansell  Renotations  and  ISCC-NBS  Color  Designations  of  the  Ventral  Sides 
of  the  Leaves  Studied*  ' 

Minsell  ISCC-NBS 


Specimen 

Renotations 

Color  Designations 

ASPEN 

8.7YR  3. 7/2.1* 

Grayish  Yellowish  Brown 

"Blackening" 

BEECH  (1) 

5.2YR  3. 8/5.0 

Strong  Brown 

BEECH  (2) 

6.5YR  1*.7A.2 

Light  Brown 

"Russet  Brown" 

BEECH  (3) 

l*.0IR  3.7A.7 

Moderate  Brown 

"Yellow" 

DOGWOOD  (1) 

1*.7R  3.1/5. 0 

Dark  Red 

DOGWOOD  (2) 

5.7R  2.9/3.1* 

Dark  Red 

DOGWOOD  (3) 

6.0YR  3. 5/2.0 

Grayish  Brown 

"Red  and  Green" 

SPANISH  HAZELNOT  (1) 

5.8R  2.ii/0.7 

Dark  Grayish  Red 

"Red" 

SPANISH  HAZELNUT  (2) 

2.0GY  2.9A.6 

Grayish  Olive 

"Red  and  Green" 

SPANISH  HAZELNUT  (3) 

5.6GY  3.6/3. 9 

Moderate  Olive  Green 

"Green  Sport" 

MDCKERNUT  HICKORY  (1) 

1.7Y  5. 9/8. 2 

Deep  Yellow 

MGCKERNUT  HICKORI  (2) 

l.OZ  5.3/6. 8 

Light  Olive  Brown 

BLACK  OAK  (1) 

7.1YR  U.2/3.6 

Moderate  Brown 

BLACK  OAK  (2) 

5.8yR  3. 6/3.6 

Moderate  Brown 

SCARLET  OAK 

6.1R  2. 6/1.8 

Grayish  Reddish  Brown 

"Red" 

WHITE  OAK  (1) 

1*.3GY  U.0/3.7 

Moderate  Olive  Green 

WHITE  OAK  (2) 

2.8GY  1*. 3/3.9 

Moderate  Olive  Green 

"Green" 

WHITE  OAK  (3) 

5.1YR  3.3/3.0 

Moderate  Brown 

"Red  Brown" 

WHITE  OAK  (U) 

2.2YR  3.9/l*.3 

Moderate  Reddish  Brown 

"Reddish" 

PLUM 

9.0YE  3.1/1. 8 

Dark  Grayish  Yellowish  Brown 

"Red" 

TULIP  POPLAR 

6.I4IR  1*.3/5.9 

Strong  Brown 

"Yellow" 
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Table  IV 


American  Forest  Leaves 

Mimsell  Renotations  and  ISCC-NBS  Color  Designations  of  the  Dorsal  Sides 
of  the  Leaves  Studied* 


Specimen 

Munsell 

Renotaticxis 

ISCC-NBS 

Color  Designations 

ASPEN 

“Blackening" 

BEECH  (1) 

— 

BEECH  (2) 

7.8YR  5.5A.9 

Light  Brown 

“Russet  Brown “ 

BEECH  (3) 

7 Ayr  l*A/liA 

Light  Brown 

"Tellow" 

DOGWOOD  (1) 

— 

— 

DOGWOOD  (2) 

— 

— 

DOGWOOD  (3) 

8.1YR  li. 8/2.0 

Grayish  Yellowish  Brown 

“Red  and  Green'* 

SPANISH  HAZELNOT  (1) 

6.8R  2.7A-1 

Dark  Reddish  Gray 

“Red** 

SPANISH  HAZELNUT  (2) 

2.2Y  3.7A*7 

Moderate  Olive  Brown 

“Red  and  Green" 

SPANISH  HAZEMUT  (3) 

U.2GY  li.  6/3.6 

Moderate  Yellow  Green 

“Green  Sport** 

MDCKERNUT  HICKORI  (1) 

— •- 

ICCKERNOT  HICKORY  (2) 

— 

— 

BLACK  OAK  (1) 

— 

— 

BUCK  OAK  (2) 

— 

— 

SCARLET  OAK 

0.9YR  3. 3/2. 7 

Grayish  Reddish  Brown 

“Red" 

WHITE  OAK  (1) 



— 

WHITE  OAK  (2) 

"Green" 
WHITE  OAK  (3) 

• 

li.9YR  li.1/1.9 

Grayish  Brown 

“Red  Brown" 

WHITE  OAK  (1*) 

— 

“Reddish" 

PLUM 

0.5YR  3. 7/2. 2 

Grayish  Reddish  Brown 

“Red" 

TULIP  POPLAR 

8.9YR  li.7/5.6 

Strong  Yellowish  Brown 

“Yellow*' 
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Table  V 


Color  Differences  Computed  from  the  Godlove  Color-Difference  Formula, 
Converted  into  NBS  Units;  (1)  Between  the  Ventral  Sides  of  Sets  of 
Nearly  Identicail  Leaf  Specimens  (see  Figure  l6);  (2)  Between  the 
Ventral  and  the  Dorsal  Sides  of  the  Same  Leaf  Specimens  Picked  in  Late 
Fall  (see  Figure  17);  and  (3)  Between  the  Ventral  and  the  Dorsal  Sides 
of  the  Same  Leaf  Specimens  Picked  in  Early  Spring  (see  Figure  l8). 

Color  Difference 


Specimen 

AE 

(1) 

Two  ” Nearly”  Identical  Leaf  Specimens 

DOGWOOD  (1)  and  (2) 

9.0 

MOCKERNUT  HICBDRY  (1)  and  (2) 

lU.o 

BUCK  OAK  (1)  and  (2) 

12.0 

WHITE  OAK  (1)  and  (2) 

6.0 

(2) 

Ventral  and  Dorsal  sides  of  Specimens 
Picked  in  Late  Fall 

BEECH  (2) 

"Russet  Brown" 

16.  $ 

BEECH  (3) 
"Yellow" 

16.5 

DOGWOOD  (3) 

"Red  and  Green" 

26.0 

SCARLET  OAK 
”Red” 

15.0 

WHITE  OAK  (3) 
"Red  Brown" 

17.0 

TULIP  POPLAR 
”Yellow” 

9.0 

(3) 

Ventral  and  Dorsal  sides  of  Specimens 
Picked  in  Early  Spring 

SPANISH  HAZELNUT  (1) 
"Red" 

6.5 

SPANISH  HAZELNUT  (2) 
"Red  and  Green" 

17.0 

H>ANISH  HAZELNUT  (3) 
"Green  Sport" 

20.0 

PLUM 

"Red” 

13.5 

'0 
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Appendix  A. 

Ozalid  prints  of  the  original  recordings 
of  the  leaf  speciinens  of  some  American 
Forest  trees  and  shrubs  obtained  on  a 
General  Electric  recording  spectro- 
photometer at  the  National  Bureau  of 
Standards,  UOO  to  1080  millimicrons. 
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GE  Graph  Sheet  Serial 


Number 

Curve 

Number 

Specimen 

Ah.sible  Near  Infrared 
Spectrum  Spectrum 

Ventral 

Side 

Dorsal 

Side 

ASPEN 

GE  11-1076 

16 

"Blackening" 

BEECH  (1) 

-1063 

GE  ll-1061t 

5 

— 

BEECH  (2) 

-1076 

.... 

8 

9 

"Russet  Brown" 

BEECH  (3) 

-1076 

— 

lU 

15 

"Yellow” 

DOCMDOD  (1) 

-1063 

-1061* 

6 

— 

DOGVCOD  (2) 

-1065 

-1066 

1* 

— 

D0GM30D  (3) 

-1076 



6 

7 

"Red  and  Green” 

SPANISH  HAZELNUT  (1) 

-1L92 

-1193 

3 

1* 

"Red" 

SPANISH  HAZELNUT  (2) 

-1192 

-1193 

7 

8 

"Red  and  Green" 

SPANISH  HAZELNUT  (3) 

-1192 

-1193 

5 

6 

"Green  Sport” 

MDCKERNUT  HICKORI  (1) 

-1063 

-106U 

h 

— 

MDCKERNUT  HICKORY  (2) 

-1065 

-1066 

5 

— 

BLACK  OAK  (1) 

-1063 

-1061* 

8 

— 

BLACK  OAK  (2) 

-1065 

-1066 

8 

— 

SCARLET  OAK 

-1076 

— 

10 

11 

"Red" 

WHITE  OAK  (1) 

-1063 

-1061* 

7 

— 

WHITE  OAK  (2) 

-1065 

-1066 

6 

"Green” 

WHITE  OAK  (3) 

-1076 

12 

13 

"Red  Brown" 

WHITE  OAK  (It) 

-1065 

-1066 

7 

— 

"Reddish” 

PLUM 

-1192 

-1193 

1 

2 

"Red” 

TULIP  POPLAR 

-1076 

— 

1* 

5 

"Yellow” 
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Appendix  B 

Spectral  directional  reflectance  data 
obtained  by  correcting  and  reading  the 
spec  tropho  tome  trie  curves  of  leaf  speci- 
mens of  some  American  Forest  trees  and 


shrubs 
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American  Forest  Leaves 
(Near  Annapolis,  Maryland) 


Spectral  Directional  Reflectance  of  the  Ventral,  or  Ventral  and  Dorsal  Sides 
of  the  Leaves  of  the  Indicated  Trees  for  the  Visible  Spectrum,  UOO  to  ?50 
Millimicrons o (See  Appendix  A|  GE  Graph  Sheet  Serial  No,  GE  II  - 1076.) 


Wave 

Length 

ASPEN 

BEECH  (2) 

BEECH  (3) 

D0C3W00D  (3) 

"Blackening” 

Ventral 

"Russet  Brown" 
Ventral  Dorsal 

"Yellow" 
Ventral  Dorsal 

"Red  and  Green" 
Ventral  Dorsal 

ItOO 

0.0ii8 

0.059 

0.071* 

0.01*3 

0.055 

0.01*8 

0.09I* 

10 

.o5o 

.067 

,082 

oOUU 

.059 

.050 

.101* 

20 

.053 

.073 

.091 

.oUU 

.062 

.053 

.115 

30 

.056 

.078 

.098 

,oUU 

.O6U 

.057 

.121 

Uo 

.058 

.082 

.103 

cOUU 

.066 

.058 

.127 

U5o 

.060 

.085 

.109 

.bUU 

.067 

.061 

.131 

6o 

.062 

.089 

.116 

.oUU 

.069 

.062 

.138 

70 

.066 

.093 

.123 

.01*5 

.072 

.063 

.11*2 

80 

.068 

.098 

,130 

.01*6 

.071* 

.063 

.11*5 

90 

.070 

.102 

.138 

.0U6 

.077 

.O6U 

.11*7 

500 

.071* 

.109 

.IU8 

.01*8 

.081 

.066 

.152 

10 

o077 

,U6 

.161 

,052 

.091* 

.071 

.159 

20 

.082 

.125 

.175 

.058 

,108 

.075 

.165 

30 

,086 

.135 

.191 

.066 

.120 

0O79 

.169 

Uo 

.092 

.1U6 

.208 

.075 

.133 

. .080 

.172 

550 

.096 

.158 

.226 

.085 

.11*7 

.082 

.171* 

60 

.102 

.171 

.21*6 

.097 

.160 

.085 

.179 

70 

.107 

.181* 

,261* 

.110 

.171* 

.089 

.185 

80 

.111 

.199 

,283 

,121* 

.188 

.091* 

0193 

90 

,117 

.211* 

.303 

0I37 

.202 

.100 

.202 

600 

.122 

.229 

.321 

.151 

.215 

.108 

.211* 

10 

.128 

.21*1* 

.338 

.I6U 

.227 

.116 

.225 

20 

.131* 

.259 

.351* 

.176 

.239 

.121 

.236 

30 

0I39 

.271* 

c370 

.188 

.21*9 

.127 

• 2U8 

Uo 

.11*5 

.290 

.387 

.200 

.260 

.121* 

.250 

650 

.150 

.305 

.1*01 

.212 

.269 

.111* 

.21*3 

6o 

.155 

.321 

.ia6 

.220 

.276 

.101* 

,236 

70 

.160 

.338 

.1*33 

.228 

.282 

.091 

.221* 

80 

.166 

.351* 

.UU8 

,21*2 

.292 

.090 

.221* 

90 

.173 

.375 

.1*67 

,261* 

.313 

.139 

.277 

700 

.179 

.395 

.U8U 

.283 

.331 

.263 

.371* 

10 

.185 

oUiU 

,1*99 

.298 

.31*5 

.369 

.1*50 

20 

.191 

,1*35 

.515 

.312 

.357 

•UU6 

.505 

30 

.197 

.1*50 

.528 

.325 

.368 

.500 

-51*3 

Uo 

.203 

.U68 

» 

.51*3 

.339 

.380 

.538 

.569 

750 

.209 

.1*83 

.555 

.356 

.389 

.558 

.585 
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American  Forest  Leaves 
Near  Annapolis,  Maryland) 


Spectral  Directional  Reflectance  of  the  Ventral  and  Dorsal  Sides  of  the 
Leaves  of  the  Indicated  'frees  for  the  Visible  Specirum,  kOO  to  ?50 
Millimicrons#  (See  Appendix  Aj  GE  Graph  Sheet  Serial  No#  GE  II  - 1076#) 


Wave 

Length 

DVL 

SCARLET  OAK 

WHITE  OAK  (3) 

TULIP  POPLAR 

“Red” 

Ventral  Dorsal 

“Red  Brown” 
Ventral  Dorsal 

"Yenow” 
Ventral  Dorsal 

Uoo 

O.OltO 

0.01*6 

0.01*0 

0.083 

0#037 

0.01*0 

10 

.OliO 

#0U8 

.01*0 

.085 

.039 

.01*3 

20 

.OliO 

.050 

.Ola 

.087 

.01*2 

#0ii6 

30 

.Ola 

.051 

.01*3 

.089 

.01*3 

.01*9 

ko 

.Ola 

.052 

*0hh 

.091 

.01*3 

.052 

Wo 

.Ola 

.051* 

.OUii 

.092 

• Ohh 

.051* 

60 

.Ola 

.056 

.01*5 

.093 

.01*5 

.058 

70 

.Ola 

.057 

#0U6 

.095 

.01*7 

.062 

80 

.Ola 

.058 

.01*7 

.098 

.0U8 

.065 

90 

.Ola 

.059. 

.01*8 

.099 

.01*9 

.070 

500 

.0lj2 

.060 

.051 

.102 

.051 

.078 

10 

.01*2 

.062 

.051* 

.101* 

.059 

.092 

20 

.01*2 

.063 

.058 

.108 

.071* 

.109 

30 

.01*2 

.06)4 

.062 

.111 

.089 

.128 

Uo 

.01*2 

•065 

#066 

.111* 

.101* 

#lU6 

550 

.01*2 

.067 

.070 

.U6 

.122 

.163 

60 

.01*2 

.070 

.071* 

.122 

0I39 

.180 

70 

• OUh 

.071* 

.079 

.126 

.157 

.198 

80 

• 0l|6 

,081 

.086 

.132 

.175 

.211* 

90 

.050 

.090 

.091* 

.139 

.191* 

.230 

600 

.051* 

.100 

.100 

.lii6 

.210 

o2kh 

10 

.060 

.112 

.no 

.151* 

.223 

.257 

20 

# 068 

.125 

.120 

.162 

.233 

.266 

30 

.080 

.139 

.130 

.172 

.21*3 

.276 

Uo 

.096 

.156 

.iia 

.182 

.250 

.285 

65o 

.110 

.171 

.152 

#190 

.251* 

.287 

60 

.126 

.183 

.161 

#196 

.21*9 

.281* 

70 

.11*0 

.193 

.168 

#200 

.21*0 

.275 

80 

.157 

,207 

.181 

.213 

.21*9 

.281* 

90 

.180 

.231 

#200 

.235 

.291 

.328 

700 

#201 

.252 

#219 

.251* 

.333 

.365 

10 

#220 

.269 

.235 

.269 

.356 

#386 

20 

.237 

.283 

.250 

.283 

.373 

.1*02 

30 

.253 

.297 

.261* 

.295 

.386 

.lai* 

I4O 

.268 

#310 

.278 

.307 

.1*00 

.1*28 

750 

.281 

.321 

#291 

.320 

.ia3 

.1*39 
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American  Forest  Leaves 
(Near  Annapolis,  Maryland) 


Spectral  Directional  Reflectance  of  the  Ifentral  Side  of  the  Leaves  of  the 
Indicated  Trees  for  the  Visible  and  Near  Infrared  Spectrum,  i^OO  to  1080 
Millimicrons.  (See  Appendix  A;  GE  Graph  Sheets  Serial  No.  GE  II-IO63, 
-IO6U,  -1065,  -1066.) 

BEECH  (1)  DOGV/OOD  (l)  DQCMOOD  (2) 


Ventral  Side 


Ventral  Side 


Ventral  Side 


Wave 

Length 

nU 

Wave 

Length 

up. 

Wave 

Length 

irp 

Wave 

Length 

up 

R?) 

Wave 

Length 

irp 

Ri, 

Wave 

Length 

up 

R),  ■ 

ItOO 

0.039 

750 

0.1)33 

1)00 

O0O39 

750 

0.570 

1)00 

0.039 

750 

0.511 

10 

.01(0 

60 

.1)1)9 

10 

,oia 

60 

.591 

10 

,01a 

60 

.531) 

20 

•olio 

70 

.1)67 

20 

.01)3 

70 

•6oU 

20 

.01)2 

70 

.553 

30 

.0I4I 

80 

,1)83 

30 

.01)5 

80 

,617 

30 

eOUU 

80 

.571 

ho 

.01)1 

90 

.1)99 

Uo 

.01)7 

90 

.628 

UO 

.01)5 

90 

.587 

li5o 

.01)1 

800 

,516 

1)50 

.01)8 

800 

.635 

1)50 

.OU6 

800 

.602 

60 

.01)2 

10 

,533 

60 

.01)8 

10 

,61)2 

60 

.01)7 

10 

.616 

70 

.01)2 

20 

.51)8 

70 

,01)9 

20 

06U9 

70 

.OU8 

20 

,628 

80 

.01)3 

30 

.563 

80 

.01)9 

30 

,656 

80 

.01)8 

30 

.639 

90 

.01)3 

Uo 

.577 

90 

.01)9 

Uo 

,662 

90 

.01)8 

Uo 

.61)9 

500 

• OU6 

850 

.590 

500 

.01)9 

850 

0666 

500 

0OU8 

850 

.658 

10 

.051 

60 

.602 

10 

.01)9 

60 

.671 

10 

eOU8 

60 

.667 

20 

.060 

70 

.611) 

20 

.01)9 

70 

. 676 

20 

.OU8 

70 

.675 

30 

.072 

80 

.621) 

30 

.01)9 

80 

.679 

30 

.01)8 

80 

.681 

Uo 

.082 

90 

.633 

Uo 

.01)9 

90 

,683 

Uo 

• 0U8 

90 

.688 

550 

.091) 

900 

.61a 

550 

.01)9 

900 

.687 

550 

.01)9 

900 

.691) 

60 

.106 

10 

.61)8 

60 

.01)9 

10 

,689 

60 

,01)9 

10 

.699 

70 

.119 

20 

.652 

70 

.051 

20 

.691 

70 

.051 

20 

.703 

80 

.131 

30 

.658 

80 

.056 

30 

.693 

80 

.056 

30 

.708 

90 

.11)5 

Uo 

c660 

90 

.066 

Uo 

• 69U 

90 

.063 

Uo 

.711 

600 

.159 

950 

.661 

600 

0 

0 

CO 

950 

069U 

600 

.071) 

950 

,711) 

10 

•173 

60 

.662 

10 

.ul) 

60 

069U 

10 

.089 

60 

.716 

20 

.181) 

70 

0662 

20 

,152 

70 

.692 

20 

.112 

70 

.716 

30 

.199 

80 

0662 

30 

•199 

80 

.692 

30 

.11)0 

80 

.718 

Uo 

.213 

90 

.662 

Uo 

.21)6 

90 

.691 

Uo 

.171) 

90 

.718 

650 

.223 

H 

8 

0 

0661 

650 

.289 

1000 

,690 

650 

.207 

1000 

.717 

60 

.227 

10 

0660 

60 

.318 

10 

.690 

60 

o237 

10 

.716 

70 

.225 

20 

.660 

70 

,335 

20 

.689 

70 

.261 

20 

.715 

80 

.21)2 

30 

0660 

80 

,361 

30 

.688 

80 

.291) 

30 

.711) 

90 

.282 

Uo 

.660 

90 

.1)19 

Uo 

0688 

90 

.31)0 

Uo 

.711) 

700 

,321)  1050 

.659 

700 

,1)61)  1050 

.687 

700 

.381  1050 

•713 

10 

,351) 

60 

.659 

10 

«U9U 

60 

.687 

10 

.ia3 

60 

.713 

20 

.379 

70 

c658 

20 

,518 

70 

.686 

20 

•UUU 

70 

.712 

30 

.398 

80 

o658 

30 

,538 

80 

.686 

30 

.U68 

80 

.712 

Uo 

.1)10 

Uo 

.556 

Uo 

1 — 1 
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American  Forest  Leaves 
(Near  Annapolis,  Maryland) 


I 

I 

I 


I 
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Spectral  Directional  Reflectance  of  the  Ventral  Side  of  the  Leaves  of  the 
Indicated  Trees  for  the  T^sible  and  Near  Infrared  Spectrum,  UOO  to  1080 
Millimicrons.  (See  Appendix  A;  GE  Graph  Sheets  Serial  No.  GE  II-IO63, 

-10614,  -1065,  -1066.) 


MDCKERNUT  HICKORY  (l)  HjCKERNUT  HICKORY  (2)  BLACK  OAK  (l) 


Vbntral  Side 

Ventral 

, Side 

Ventral  Side 

Wave 

Length 

Wave 

Length 

irp. 

Wave 

Length 

UVL 

Rj* 

Wave 

Length 

up. 

R?* 

Wave 

Length 

itp 

Ri* 

Wave 

Length 

np 

Ri* 

1*00 

0.01*2 

750 

0.553 

1*00 

0.01*2 

750 

0.1*81 

1*00 

0.01*8 

750 

o.iai 

10 

.OI46 

60 

.561 

10 

.OU6 

60 

.1*92 

10 

.055 

60 

.U38 

20 

.01*9 

70 

.567 

20 

.01*8 

70 

.505 

20 

.060 

70 

.1*51* 

30 

.051 

80 

.571* 

30 

.050 

80 

.518 

30 

.063 

80 

.1*70 

Uo 

.052 

90 

.581 

Uo 

.053 

90 

.532 

Uo 

.066 

90 

.1*87 

U5o 

.053 

800 

.587 

1*50 

.051* 

800 

.51*2 

1*50 

.069 

800 

.501* 

60 

.055 

10 

.592 

60 

.058 

10 

.555 

60 

.072 

10 

.520 

70 

.058 

20 

.598 

70 

.063 

20 

.566 

70 

.071* 

20 

.536 

80 

.059 

30 

.598 

80 

.068 

30 

.577 

80 

.077 

30 

.552 

90 

.063 

I4O 

.607 

90 

.072 

Uo 

.587 

90 

.081 

Uo 

.565 

500 

.077 

85o 

.611 

500 

CO 

0 

. 

850 

.597 

500 

.086 

850 

.579 

10 

.117 

60 

.615 

10 

.118 

60 

.606 

10 

.092 

60 

.593 

20 

.177 

70 

.619 

20 

.151* 

70 

.613 

20 

.099 

70 

• 606 

30 

.233 

80 

.622 

30 

.182 

80 

.621 

30 

.107 

80 

.618 

I4O 

.271 

90 

.625 

Uo 

.206 

90 

.626 

Uo 

.115 

90 

.629 

550 

.300 

900 

.627 

550 

.227 

900 

.633 

550 

.121* 

900 

.61*1 

60 

.323 

10 

.629 

60 

.21*9 

10 

.637 

60 

.131* 

10 

.61*8 

70 

.31*3 

20 

.631 

70 

.267 

20 

.6U0 

70 

.11*5 

20 

.656 

80 

.359 

30 

.631 

80 

.281* 

30 

.6U5 

80 

.155 

30 

.66U 

90 

.371* 

ho 

.632 

90 

.299 

Uo 

.61*7 

90 

.166 

Uo 

.671 

600 

.386 

950 

.631 

600 

.313 

950 

.61*8 

600 

.177 

950 

.676 

10 

.398 

60 

.631 

10 

.325 

60 

.61*9 

10 

.189 

60 

.680 

20 

.I4O6 

70 

.630 

20 

.336 

70 

.61*8 

20 

.200 

70 

.682 

30 

.1*15 

80 

.630 

30 

.31*7 

80 

.61*8 

30 

.210 

80 

.685 

I4O 

.I4II4 

90 

.629 

Uo 

.352 

90 

.61*8 

Uo 

.221 

90 

.686 

65o 

.1406 

1000 

.628 

65  0 

.352 

1000 

.61*8 

650 

.230 

1000 

.686 

60 

.1*00 

10 

.627 

60 

.351* 

10 

.61*7 

60 

.239 

10 

.686 

70 

.390 

20 

.627 

70 

.352 

20 

.6U6 

70 

.21*8 

20 

.686 

80 

• I4OI4 

30 

.626 

80 

.366 

30 

.61*5 

80 

.263 

30 

.685 

90 

.I46I4 

I4O 

.626 

90 

.1*01 

Uo 

.61*5 

90 

.288 

Uo 

.685 

700 

.501* 

1050 

.62^ 

700 

.1*28 

1050 

.61*5 

700 

.313 

1050 

.681* 

10 

.523 

60 

.625 

10 

.1*1*2 

60 

.61*5 

10 

.331* 

60 

.681* 

20 

.533 

70 

.621* 

20 

.1*55 

70 

.61*1* 

20 

.353 

70 

.683 

30 

.539 

80 

.621* 

30 

.U6O 

80 

• 6UU 

30 

.379 

80 

.683 

ho 

.51*7 

Uo 

.1*61 

Uo 

.395 

-62- 

* American  Forest  Lea'ves 
(Near  Annapolis,  Maryland) 

Spectral  Directional  Reflectance  of  the  Ventral  Side  of  the  Leaves  of  the 
Indicated  Trees  for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to  1080 
Millimicrons#  (See  Appendix  A;  GE  Graph  Sheets  Serial  No.  GE  II-IO63, 

-106ii,  -1065,  -1066.) 


BLACK  OAK  (2)  WHITE  OAK  (1)  WHITE  OAK  (2) 


Ventral 

Side 

Ventral 

Side 

”Gree 

Vbntral 

n" 

Side 

Wave 

Length 

iru 

Wave 

Length 

HU 

Ri__ 

Wave 

Length 

nU 

Wave 

Length 

HU 

Wav3 

Length 

HU 

Wave 

Length 

HU 

UOO 

0.039 

750 

0.323 

Uoo 

0.0U2 

750 

0.58U 

Uoo 

0.0U2 

750 

0.59U 

10 

.oUi 

60 

.339 

10 

.0U6 

60 

.603 

10 

.0U6 

60 

.612 

20 

.0U2 

70 

.353 

20 

.0U8 

70 

.612 

20 

.051 

70 

.622 

30 

• OUU 

80 

.369 

30 

.050 

80 

.617 

30 

.05U 

80 

.628 

ho 

.oU5 

90 

.38U 

Uo 

.052 

90 

.621 

Uo 

.057 

90 

.633 

U5o 

.OU6 

800 

.399 

U50 

.053 

800 

.62U 

U5o 

.058 

800 

.637 

60 

.OUT 

10 

• Ul6 

60 

.055 

10 

.627 

60 

.062 

10 

.6U1 

70 

.0U8 

20 

•U3l 

70 

.055 

20 

.629 

70 

.063 

20 

.6U3 

80 

.OU8 

30 

•UU7 

80 

.057 

30 

.631 

80 

.066 

30 

.6U7 

90 

.050 

Uo 

.U61 

90 

.058 

Uo 

.633 

90 

.067 

UO 

.650 

500 

.053 

850 

• U76 

500 

.063 

850 

.63U 

500 

.069 

850 

.653 

10 

.057 

60 

.U91 

10 

.079 

60 

.637 

10 

.09U 

60 

.655 

20 

.063 

70 

.506 

20 

.110 

70 

.638 

20 

.127 

70 

.658 

30 

.069 

80 

.520 

30 

.139 

80 

.6U0 

30 

.157 

80 

.660 

Uo 

.075 

90 

.532 

Uo 

.15U 

90 

.6U1 

Uo 

.17U 

90 

.662 

550 

.083 

900 

.5U6 

550 

.162 

900 

.6U2 

550 

.183 

900 

.66U 

60 

.092 

10 

.558 

60 

.158 

10 

.6U3 

60 

,181 

10 

.666 

70 

.100 

20 

.567 

70 

.lUU 

20 

.6UU 

70 

.168 

20 

.666 

80 

.109 

30 

.576 

80 

.126 

30 

.6U5 

80 

.152 

30 

.667 

90 

.118 

Uo 

.585 

90 

.116 

Uo 

.6U5 

90 

.lUU 

Uo 

.668 

600 

.128 

950 

.592 

600 

.113 

950 

.6UU 

600 

.lUo 

950 

.668 

10 

•135 

60 

.598 

10 

.105 

60 

.6UU 

10 

.130 

60 

.668 

20 

•lUU 

70 

.603 

20 

.096 

. 70 

.6U3 

20 

.120 

70 

.667 

30 

.15U 

80 

.607 

30 

.092 

■80 

.6U2 

30 

.117 

80 

.667 

Uo 

.163 

90 

.610 

Uo 

.087 

90 

.6U2 

Uo 

.110 

90 

.667 

650 

.169 

1000 

.612 

650 

.075 

1000 

.6Ul 

65o 

.096 

1000 

.666 

60 

•17U 

10 

.613 

60 

.067 

10 

.6U0 

60 

.08U 

10 

. 665 

70 

.178 

20 

.6IU 

70 

.059 

20  ■ 

.6UO 

70 

.071 

20 

.66U 

80 

.189 

30 

.613 

80 

.057 

30 

■1639 

80 

.069 

30 

.65U 

90 

.217 

Uo 

.613 

90 

.08U 

Uo 

!i639 

90 

.105 

Uo 

.66U 

700 

.2UU 

1030 

.612 

700 

.187 

1050 

! 638 

700 

.223 

1050 

.663 

10 

.263 

60 

.612 

10 

.310 

60 

10 

.3U6 

60 

. 663 

20 

.280 

70 

.612 

20 

.U23 

70 

:f637 

20 

.U5U 

70 

. 662 

30 

Uo 

.29U 

.309 

80 

.612 

30 

Uo 

.509 

.558 

80 

C637 

.\ 

'\ 

30 

Uo 

.522 

.568 

80 

.662 

-63- 


Ajaerican  Forest  Leaves 
(Near  Annapolis,  Maryland) 

Spectral  Directional  Reflectance  of  the  Ventral  Side  of  a Leaf  of  the  Tree 
Indicated  for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to  1080  Milli- 
microns* (See  Appendix  A;  GE  Graph  Sheets  Serial  No.  GE  11-1065,  -1066.) 

WHITE  OAK  (it) 


"Reddish” 
Ventral  Side 


Wave 

Length 


Wave 

Length 


IJ^JL 

h 

nVi  _ 

IjOO 

0.0k2 

750 

0.1*17 

10 

• 0U6 

60 

1 — 1 
3 

0 

20 

.051 

70 

.1*1*5 

30 

.051* 

80 

.U60 

Uo 

.057 

90 

.1*75 

l»5o 

.058 

800 

.1*91 

6o 

.062 

10 

.506 

70 

.063 

20 

.521 

80 

.066 

30 

.536 

90 

.068 

Uo 

.51*8 

500 

.071 

85o 

.563 

10 

.075 

60 

.575 

20 

.079 

70 

.587 

30 

.082 

80 

.598 

Uo 

.085 

90 

.609 

550 

.089 

900 

.619 

60 

.095 

10 

.627 

70 

.105 

20 

.635 

80 

.118 

30 

*6Uo 

90 

.135 

Uo 

06U6 

600 

.155 

950 

.6U8 

10 

.176 

60 

.651 

20 

.199 

70 

.652 

30 

.223 

80 

.655 

Uo 

.21*5 

90 

o656 

650 

.261* 

1000 

.656 

60 

.281 

10 

.657 

70 

.291* 

20 

,658 

80 

.309 

30 

,658 

90 

.329 

Uo 

.657 

700 

.31*8 

1050 

.657 

10 

.363 

60 

.657 

20 

.379 

70 

.656 

30 

.390 

80 

.656 

Uo 

.1*01 

-61i- 


American  Forest  Leaves 
(Washington,  D.C. ) 

Spectral  Directional  Reflectance  of  the  Ventral  and  Dorsal  Sides  of  a Leaf 
of  the  Indicated  Tree  for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to 
1080  Millimicrons.  (See  Appendix  A;  GE  Graph  Sheets  Serial  No.  GE  11-1192, 
-1193.) 

• SPANISH  HAZELNUT  (1) 


"Red” 


Ventral  Side 


Dorsal  Side 


Wave 

Length 


Wave 

Length 


Wave 

Length 


Wave 

Length 


IIU 

Rv. 

ITp, 

Ri 

irp. 

R?* 

liOO 

0.039 

750 

0.578 

1*00 

0*039 

750 

0.56U 

10 

.oUo 

60 

.618 

10 

.01*0 

60 

.586 

20 

•ouo 

70 

.630 

20 

.01*2 

70 

.599 

30 

.OliO 

80 

.631* 

30 

.0U5 

80 

.605 

Uo 

.oho 

90 

.639 

Uo 

.01*5 

90 

.609 

.01*0 

800 

.61*2 

1*50 

.01*5 

800 

.612 

60 

.01*0 

10 

.6UU 

60 

.01*5 

10 

.616 

70 

.01*0 

20 

.6U6 

70 

•oUU 

20 

.618 

80 

.01*0 

30 

.61*8 

80 

• OUU 

30 

.619 

90 

.01*0 

Uo 

.650 

90 

•oUU 

Uo 

.620 

500 

.01*0 

850 

.650 

500 

• oUU 

85o 

.622 

10 

.039 

60 

.652 

10 

• oUU 

60 

.622 

20 

.01*0 

70 

.653 

20 

•oUU 

70 

.621* 

30 

.01*0 

80 

.651* 

30 

•oUU 

80 

.625 

Uo 

.01*0 

90 

.656 

Uo 

.01*5 

90 

.627 

550 

.01*0 

900 

.658 

550 

• 0U6 

900 

.628 

60 

.01*0 

10 

.658 

60 

.01*8 

10 

.629 

70 

.01*0 

20 

.658 

70 

.050 

20 

.630 

80 

.01*0 

30 

.659 

80 

.051* 

30 

.630 

90 

.01*2 

Uo 

.659 

90 

.061 

Uo 

.630 

600 

.0U6 

950 

.658 

600 

.070 

950 

.629 

10 

.050 

60 

.655 

10 

.080 

60 

.626 

20 

.052 

70 

.651 

20 

.089 

70 

.622 

30 

.051* 

80 

.650 

30 

.098 

80 

.621 

Uo 

.051* 

90 

.651 

Uo 

.101 

90 

.622 

650 

.01*9 

1000 

o65U 

650 

.099 

1000 

.621* 

60 

.01*5 

10 

.658 

60 

.095 

10 

.626 

70 

.01*2 

20 

«66l 

70 

.088 

20 

.631 

80 

.01*2 

30 

.665 

80 

.086 

30 

.635 

90 

.050 

uo 

.669 

90 

.115 

UO 

.637 

700 

.122 

1050 

.671 

700 

.188 

1050 

.6U2 

10 

.2U6 

60 

.672 

10 

.290 

60 

.61*1* 

20 

.375 

70 

.676 

20 

.375 

70 

.6U6 

30 

.1*76 

80 

.676 

30 

.1*76 

80 

.61*8 

Uo 

.51*2 

UO 

.530 

-65- 


American  Forest  Leaves 
(Washington,  D*C. ) 

Spectral  Directidnal  Reflectance  of  the  Ventral  and  Dorsal  Sides  of  a Leaf 
of  the  Indicated  Tree  for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to 
1080  Millimicrons.  (See  Appendix  Aj  GE  Graph  Sheets  Serial  No.  GE  11-1192, 

-11934)  - 

SPANISH  HAZELNUT  (2) 


Ventral 

”Red  and  Green” 

Side 

Dorsal 

Side 

fave 

jngth 

mg. 

Wave 

Length 

Ri 

Hx 

Wave 

Length 

nu 

Wave 
Length 
Ri 

itOO 

0.039 

750 

0.615 

1*00 

0.06I* 

750 

0.598 

10 

.OliO 

60 

.635 

10 

.065 

60 

.618 

20 

.OliO 

70 

• 6U6 

20 

.065 

70 

.630 

30 

.OiiO 

80 

.651 

30 

.065 

80 

.63U 

UO 

.OliO 

90 

.651* 

ho 

.066 

90 

.636 

1*50 

.01*0 

800 

.656 

1*50 

.068 

800 

.639 

60 

.01*0 

10 

.659 

60 

.069 

10 

.61*0 

70 

.01*0 

20 

.660 

70 

.068 

20 

.61*0 

80 

.01*0 

30 

.660 

80 

.068 

30 

.61*2 

90 

.01*0 

Uo 

.662 

90 

.068 

Uo 

•6UU 

500 

'.0l*0 

85o 

.663 

500 

.070 

850 

• 6UU 

10 

•oUU 

60 

• 66U 

10 

.077 

60 

.61*5 

20 

.055 

70 

.665 

20 

.086 

70 

.61*6 

30 

.065 

80 

.666 

30 

.091* 

80 

.6U6 

Uo 

.069 

90 

.667 

Uo 

.099 

90 

.61*8 

550 

.070 

900 

.668 

550 

.102 

900 

.61*9 

60 

.069 

10 

.668 

60 

.106 

10 

.650 

70 

• 06U 

20 

.670 

70 

.108 

20 

• 65o 

80 

.060 

30 

.670 

80 

.109 

30 

.650 

90 

.059 

Uo 

.670 

90 

.112 

Uo 

.650 

600 

.060 

950 

.669 

600 

.118 

950 

.61*8 

10 

.060 

60 

.666 

10 

.120 

60 

.6UU 

20 

.056 

70 

.661; 

20 

.117 

70 

.61*2 

30 

.051* 

80 

.662 

30 

.116 

80 

.61*2 

ho 

.050 

90 

• 661; 

Uo 

.112 

90 

.6U2 

650 

• oUii 

1000 

.666 

65o 

.101 

1000 

•6UU 

60 

.01*0 

10 

.669 

60 

.095 

10 

• 6U9 

70 

.036 

20 

.673 

70 

.081* 

20 

.652 

80 

.036 

30 

.676 

80 

.081 

30 

.656 

90 

,01*8 

UO 

,680 

90 

.105 

Uo 

.660 

700 

.120 

1050 

.681* 

700 

0I9O 

1050 

.665 

10 

.21*5 

60 

.687 

10 

.290 

60 

.666 

20 

.365 

70 

.688 

20 

.385 

70 

.668 

30 

.1*87 

80 

.688 

30 

.1*91 

80 

.671 

ho 

.572 

Uo 

«56o 

-66- 


Ainerican  Forest  Leaves 
(iffeshington,  D.C, ) 

Spectral  Directional  Reflectance  of  the  Ventral  and  Dorsal  Sides  of  a Leaf 
of  the  Indicated  Tree  for  the  ^sible  and  Near  Infrared  Spectrum,  UOO  to 
1080  Millimicrons.  (See  Appendix  A;  GE  Graph  Sheets  Serial  No.  GE  11-1192, 

-1193. ) 

SPANISH  HAZELNUT  (3) 


Ventral 

Side 

’’Green  Sport” 

Dorsal  Side 

Wave 

Length 

nU 

Wave 
Length 
R-x  nn. 

Rx 

Wave 

Length 

HU 

Wave 
Length 
Si 

ItOO 

0.039 

750 

o.59lx 

1x00 

0.061 

750 

0.578 

10 

.oUo 

60 

.610 

10 

.069 

60 

.596 

20 

.olio 

70 

.621 

20 

.07lx 

70 

.605 

30 

.OliO 

80 

.628 

30 

.076 

80 

.610 

ho 

.OliO 

90 

.630 

Uo 

a079 

90 

.612 

h$0 

.014.0 

800 

.632 

1x50 

00 

0 

• 

800 

.6llx 

60 

.01x0 

10 

.631x 

60 

.086 

10 

.616 

70 

.OljO 

20 

.636 

70 

.088 

20 

.618 

80 

.01x0 

30 

.636 

80 

.089 

30 

.619 

90 

.Ola 

UO 

.638 

90 

.092 

Uo 

.620 

500 

•olUi 

85o 

.639 

500 

.101 

85o 

.621 

10 

.051 

60 

•6Uo 

10 

.12lx 

60 

.622 

20 

.076 

70 

.6U2 

20 

.156 

70 

.62lx 

30 

.110 

80 

.6U2 

30 

.186 

80 

.62lx 

Uo 

.129 

90 

• 6UU 

Uo 

.201 

90 

.626 

550 

.136 

900 

•6UU 

550 

.206 

900 

.626 

60 

.132 

10 

.61x5 

60 

.202 

10 

.626 

70 

.112 

20 

.6U6 

70 

.186 

20 

.628 

80 

.092 

30 

.6U6 

80 

.170 

30 

.628 

90 

.081 

Uo 

.6U6 

90 

.160 

UO 

.627 

600 

.076 

950 

.6Ulx 

600 

.155 

950 

.626 

10 

.070 

60 

.6U2 

10 

.11x8 

60 

.62lx 

20 

.062 

70 

.639 

20 

.139 

70 

.619 

30 

.058 

80 

.638 

30 

.13lx 

80 

.618 

ho 

.o51x 

90 

.639 

Uo 

0I29 

90 

.618 

65o 

.01x8 

1000 

.61a 

65o 

.n5 

1000 

.621 

60 

.01x5 

10 

0 6UU 

60 

.106 

10 

.62U 

70 

.01x2 

20 

.6U6 

70 

.09lx 

20 

.628 

80 

.01x0 

30 

.650 

80 

.090 

30 

.633 

90 

.050 

Uo 

.651x 

90 

.116 

Uo 

.636 

700 

.122 

1050 

.656 

700 

.190 

1050 

.638 

10 

.21x6 

60 

.660 

10 

.290 

60 

.6UI 

20 

o390 

70 

c66U 

20 

.390 

70 

•6UU 

30 

.1x83 

80 

.666 

30 

.1x90 

80 

00 

0 

ho 

.551x 

Uo 

.5U6 

-67- 


American  Forest  Lea'ves 
(Was  hingt on,  D . C • ) 

Spectral  Directional  Reflectance  of  the  Ventral  and  Dorsal  Side  of  a Leaf 
of  the  Indicated  Tree  for  the  Visible  and  Near  Infrared  Spectrum,  i;00  to 
1080  Millimicrons*  (See  Appendix  A;  GE  Graph  Sheets  Serial  No#  GE  11-1192, 

-1193.) 
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IX>  Canadian  Forest  Leaves 

Table  VL  lists  the  common  name,  the  Latin  name,  and  the  dates  of 
collection  and  measurement  of  the  twenty-four  leaf  specimens.  This  is 
followed  by  eighteen  illustrations  (Figures  19  to  36)  showing  a record  of 
the  forty-eight  determinations  on  these  twenty-four  specimens  of  leaves 
picked  from  trees  or  gathered  from  the  ground  near  Ottawa,  Ontario,  by 
Dr.  J.  M.  Robinson  of  the  Department  of  Resource  and  Development,  on 
May  10  and  May  18,  19?35  deli'vered  to  the  NBS  by  Dr.  H.  T.  0* Neill  on 
May  lU  and  2$,  1953. 

These  two  shipments  were  made  in  large  cardboard  boxes.  The  saii?)les 
were  wrapped  in  newspapers  and  these  were  surrounded  with  many  leaves 
picked  fi*om  trees  and  off  of  the  ground. 

The  first  nine  illustrations.  Figures  19  to  27,  show  the  spectral  direc- 
tional reflectance  curves  of  the  specimens  designated  in  the  legends  of  the 
illustrations,  and  listed  in  Table  VI  and  in  the  index  to  Appendix  C*  The 
data  plotted  in  the  illustrations  are  taken  from  the  tables  of  reduced 
spec  tr op hotome trie  readings  listed  in  Appendix  D. 

The  chromaticity  coordinates  of  the  samples  of  these  nine  illustra- 
tions are  shown  in  the  segments  of  the  three  C.I.E.  chromaticity  diagrams 
for  standard  source  C,  Figures  28,  29,  and  30.  The  data  used  for  these 
three  illustrations  are  listed  in  Table  VII. 

The  MunseH  renotations  of  these  same  specimens  are  illustrated  in 
the  five  schematic  diagrams  of  the  "ideal”  Munsell  System  in  Figures  31 
to  35*  The  data  used  for  these  illustrations  are  listed  in  Tables  VIII 
and  IX  together  with  the  correspcxiding  ISCC-NBS  color  designation. 

Color-difference  determinations  by  means  of  the  Godlove  color-difference 
formula  were  con5)uted  between  the  vsntral  and  the  dorsal  sides  of  twelve 
of  these  leaves.  These  differences  are  listed  in  Table  X and  illustrated 
in  Figure  36. 
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Table  VI 


Identification  of  the  Leaf  Specimens  from  Trees  of  the  Eastern  Part  of  the 
Dominion  of  Canada,  near  Ottawa,  and  the  Date  of  Gathering  and  Measurement 

Specimen  Date  Date 

Common  Name 

Latin  Name 

Gathered 

Measured 

TREMBLING  ASPEN 

Populus  tremloides  Michx. 

5-18-53 

5-25-53 

BASSWOOD 

Tilia  americana  L® 

5-10-53 

5-1U-53 

BEECH  (1) 

Fagus  grandifolia  Ehrh. 

5-10-53 

5-114-53 

BEECH  (2) 

Fagus  grandifolia  Ehrh® 

5-18-53 

5-25-53 

“Brown” 

BEECH  (3) 

Fagus  grandifolia  Ehrh. 

5-18-53 

5-25-53 

"Green" 

WHITE  BIRCH 

Be tula  alba  L. 

5-10-53 

5-ili-53 

YELLOW  BIRCH 

Be  tula  lutea  Michx® 

5-10-53 

5-lli-53 

PIN  CHERRY 

Prunus  pennsylvanica  L® 

5-10-53 

5-i1i-53 

♦WHITE  ELM  (1) 

Ulmus  americana  L. 

5-10-53 

5-llt-53 

WHITE  ELM  (2) 

IJlmus  americana  L. 

5-18-53 

5-29-53 

HDRNBEAM 

Carpinus  betulus  L. 

5-10-53 

5-lli-53 

IRONWOOD 

Carpinus  caroliniana  Walt. 

5-18-53 

5-29-53 

JUNEBERRY 

Amelanchier  arborea  (Michx® f 4 

. ) Fern. 

5-18-53 

5-29-53 

RED  MAPLE 

Acer  rubrum  L. 

5-18-53 

5-25-53 

SUGAR  MAPLE  (1) 

Acer  saccharum  Marsh. 

5-10-53 

5-ilt-53 

SUGAR  mPLE  (2) 

Acer  saccharum  Marsh. 

5-18-53 

5-29-53 

♦SUGAR  MAPLE  (3) 

Acer  saccharum  Marsh. 

5-10-53 

5-lli-53 

"Light  Brown" 

*SUGAR  MAPLE  (I4) 

Acer  saccharum  Marsh. 

5-10-53 

5-lh-53 

"Medium  Brown" 

♦SUGAR  MAPLE  ($) 

Acer  saccharum  Marsh. 

5-10-53 

5-llt-53 

"Dark  Brown" 

BALSAM  POPLAR  (1) 

Populus  balsamifera  L. 

5-10-53 

5-lh-53 

BALSAM  POPLAR  (2) 

Populus  balsamifera  L. 

5-18-53 

5-29-53 

"Black" 

BALSAM  POPLAR  (3) 

Populus  balsamifera  L. 

5-18-53 

5-29-53 

"Green" 

LARGE  TOOTH  POPLAR(l)  Populiis  grandidentata  Michx. 

5-18-53 

5-29-53 

"Green" 

LARGE  TOOTH  P0PLAR(2)  Populus  grandidentata  Michx® 

5-18-53 

5-29-53 

«»White»‘ 

*JK)'verwintered  leaves  gathered  £rom  ground. 
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Figiare  19 


^sible  'and  near  inftared  spectral  directional 
reflectance  of  the  ventral  side  of  the  leaves 
of  four  typical  deciduous  trees  in  the  Ottawa, 
Ontario,  region  of  the  Dominion  of  Canada,  picked  on 
May  10,  1953 • They  are  Hornbeam,  White  Birch, 

Beech  (1),  and  Balsam  Poplar  (1).  For  further 
identification  see  Table  VI  and  the  index  to 


Appendix  C. 
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Figure  20. 

■\Q.sible  and  near  infrared  spectral  directional 
reflectance  of  the  ventral  side  of  the  leaves 
of  four  typical  deciduous  trees  in  the  Ottawa, 
Ontario,  region  of  the  Dominion  of  Canada, 
picked  on  May  10,  1953*  They  are  Sugar  Maple  (1), 
Yellow  Birch,  Basswood,  and  Pin  Cherry.  For 
further  identification  see  Table  VI  and  the 


index  to  Appendix  C. 
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Figure  21. 

Visible  and  near  infrared  spectral  directional 
reflectance  of  the  ventral  side  of  overwintered 
leaves  from  two  laical  deciduous  trees  in  the 
Ottawa,  Ontario,  region  of  the  Dominion  of  Canada, 
collected  on  May  10,  1953*  They  are  White  ELm  (1), 
and  a "light-”,  "medium-",  and  "dark-brown"  specimen 
of  Sugar  Maple  (3),  (U)>  and  (5)>  respectively.  For 
further  identification  see  Ibble  VI  and  the  index 


to  Appendix  C 
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Figure  22. 


^^sible  spectral  directional  reflectance  of 
the  ventral  side  of  the  leaves  of  three 
typical  deciduous  trees  in  the  Ottawa,  Ontario, 
regiai  of  the  Dominion  of  Canada,  picked  on 
May  18,  1953*  They  are  White  ELm  (2),  Red 
Maple,  and  Sugar  Maple  (2).  For  further 
identification  see  Table  VI  and  the  index  to 
Appendix  C.  C^he  spec  tr  op  hot  ome  trie  curves  of 
the  dorsal  side  of  these  same  leaves  are  shown 
in  Figure  23. ) 
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Figure  23. 

Visible  spectral  directional  reflectance  of 
the  dorsal  side  of  the  leaves  of  Figure  22, 
picked  on  May  I8,  1953  in  the  Ottawa,  Ontario, 
region  of  the  Dominion  of  Canada.  They  are 
White  ELm  (2),  Red  Maple,  and  Sugar  Maple  (2). 
For  further  identification  see  Table  VI  and 


the  index  to  Appendix  C 
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Fig\jre  2U. 

T5.sible  spectral  directional  reflectance  of  the 
ventral  side  of  the  leaves  of  three  typical 
deciduous  trees  in  the  Ottawa,  Ontario,  region 
of  the  Dominion  of  Canada,  picked  on  May  18,  1953* 
They  are  a “brown”  and  a “green”  Beech  (2)  and  (3), 
a “green”  and  a “black”  Balsam  Poplar  (3)  and  (2), 
and  a “green"  and  a "white"  Large  Tooth  Poplar  (1) 
and  (2).  For  further  identification  see  Table  VI 
and  the  index  to  Appendix  C.  (The  spec  tr  op  hot  o- 
metric  curves  of  the  dorsal  sides  of  these  same 
leaves  are  shown  in  Figure  25.) 
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FigTjre  25 


^sible  spectral  directional  reflectance  of  the 
dorsal  side  of  the  leaves  of  Figure  2U,  picked  on 
May  18,  1953  in  the  Ottawa,  Ontario,  region  of  the 
Dominion  of  Canada.  They  are  a "green”  and  a "brown 
Beech  (3)  and  (2),  a "green"  and  a "black"  Balsam 
Poplar  (3)  and  (2),  and  a "green"  and  a "white" 

Large  Tooth  Poplar  (1)  and  (2).  For  further 
identification  see  Table  VI  and  the  index  to 


Appendix  C. 


Figure  26. 


A^sible  spectral  directional  reflectance  of  the 
ventral  side  of  the  leaves  of  three  typical 
deciduous  trees  in  the  Ottawa,  Ontario,  region 
of  the  Dominion  of  Canada,  picked  on  May  18,  1953 
They  are  Juneberry,  Trenhling  Aspen,  and  Ironwood 
For  further  identification  see  Table  Y1  and  the 
index  to  Appendix  C.  (The  spec  tropho  tome  trie 
curves  of  the  dorsal  sides  of  these  same  leaves 
are  shown  in  Figure  27.) 
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Figure  27. 

Visible  spectral  directional  reflectance  of 
the  dorsal  side  of  the  leaves  of  Figure  26, 
picked  on  May  I8,  1953  in  the  Ottawa,  Ontario, 
region  of  the  Dominion  of  Canada.  They  are 
Juneberry,  Trembling  Aspen,  and  Ironwood.  For 
further  identification  see  Table  VI  and  the 


index  to  Appendix  C 


Figure  28 


Segment  of  the  C.I.E.  chroma ticity  diagram  showing 
dominant  wavelength,  excitaticn  purity,  and  chroma- 
ticity  coordinates  for  standard  source  C of  the 
ventral  sides  of  Hornbeam,  Pin  Cherry,  and  Balsam 
Poplar  (1),  and  the  ventral  and  dorsal  sides  of 
Balsam  Poplar  (3)  "green”,  Balsam  Poplar  (2)  "black” 
Ironwood,  and  Beech  (2)  "brown”;  from  data  listed  in 
Table  "VII.  For  further  identification  see  Table  VE 
and  the  index  to  Appendix  C.  Note  ventral  side  of 
specimens  are  illustrated  with  closed  circles  and 
the  dorsal  side  of  the  specimens  by  open  circles. 


Figure  29 


Segment  of  the  C^I.E.  chromatic ity  diagram  showing 
dominant  wavelength,  excitation  purity,  and  chroma- 
tic ity  coordinates  for  standard  source  C of  the 
ventral  sides  of  **light-¥,  "medium-*’,  and  "dark-brown” 
Sugar  Maple  (3),  (U),  and  (5),  and  the  ventral  and 
the  dorsal  sides  of  Trembling  Aspen,  Red  Maple,  and 
Large  Tooth  Poplar  (2)  "white”;  from  data  listed  in 
Table  VEIo  For  further  identification  see  Table  VI 
and  the  index  to  Appendix  C*  The  sugar  maple  speci- 
mens were  "dead  overwintered  leaves  on  the  ground”. 
Note  ventral  side  of  specimens  are  illustrated  with 
closed  circles  and  the  dorsal  side  of  the  specimens 
by  open  circles. 
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Figtire  30. 

Segment  of  the  C.I.E.  chromaticity  diagram  showing 
dominant  wavelength,  excitation  purity,  and  chroma- 
ticity  coordinates  for  standard  source  C of  the 
ventral  sides  of  Sugar  Maple  (1),  White  Birch, 
Basswood,  Beech  (1),  Yellow  Birch,  and  White  Elm  (1); 
and  the  ventral  and  the  dorsal  sides  of  Beech  (3) 
”green*».  Sugar  Maple  (2),  Juneberry,  and  White  Elm  (2) 
from  data  listed  in  Table  VII.  For  further  identifica 
tioh  see  Table  VI  and  the  index  to  Appendix  C.  The 
White  ELm  (1)  specimen  was  a "dead  overwintered  leaf 
on  the  ground".  Note  ventral  side  of  specimens  are 
illustrated  with  closed  circles  and  the  dorsal  side 
of  the  specimens  by  open  circles. 
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Figure  31- 


Vertical  and  horizontal  projections  of  the  colors 
of  the  ventral  sides  (closed  ciixle)  of  Basswood, 
Balsam  Poplar  (1),  Pin  Cherry,  and  Pfombeam;  and 
of  the  color  differences  between  the  ventral  (closed 
circle)  and  the  dorsal  (open  circle)  sides  of  Balsam 
Poplar  (2)  "black”.  The  upper  diagram  shows  the 
Munsell  Value  of  these  measurements  plotted  against 
the  Munsell  Hue  and  Chroma  points  projected  from 
the  lower  diagram.  The  Munsell  data  are  listed  in 
Tables  VIII  and  IX.  For  further  identification  see 
Table  VE  and  the  index  to  Appendix  C. 
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FigTire  32 


■\fertical  and  horizontal  projections  of  the  colors 
of  the  ventral  sides  (closed  circle)  of  Beech  (1), 
and  White  ELm  (1);  and  of  the  color  differences 
between  the  ventral  (closed  circle)  and  dorsal 
(open  circle)  sides  of  Beech  (2)  "brown",  Beech  (3) 
"green",  and  White  Elm  (2).  The  upper  diagram  shows 
the  Munsell  Value  plotted  against  the  Munsell  Hue 
and  Chroma  points  projected  fi*om  the  lower  diagram® 
The  Munsell  data  are  listed  in  Tables  VIII  and  IX® 
For  further  identification  see  Table  VI  and  the 


index  to  Appendix  C 
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Figure  33* 


Tfertical  and  horizontal  projections  of  the  colors  • 
of  the  ventral  sides  (closed  circle)  of  Yellow  Birch 
and  White  Birch;  and  of  the  color  differences  between 
the  ventral  (closed  circle)  and  dorsal  (open  circle) 
sides  of  Trenibling  Aspen,  Iron  wood,  and  Juneberry. 

The  upper  diagram  shows  the  Mansell  “^feilue  plotted 
against  the  Munsell  Hue  and  Chroma  points  projected 
from  the  lower  diagranu  The  Munsell  data  are  listed 
in  Tables  VIII  and  IX.  For  further  identification 
see  Table  VI  and  the  index  to  Appendix  C. 
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Figure  3k* 

Vertical  and  horizontal  projections  of  the  colors 
of  the  ventral  sides  (closed  circle)  of  “light**", 
"medium-",  and  "dark-bro*wn"  Sugar  Maple  (3),  (U), 
and  (5);  and  of  the  ventral  (closed  circle)  and 
dorsal  (open  circle)  sides  of  Sugar  Maple  (2),  and 
Red  Maple*  The  upper  diagram  shows  the  Munsell 
Value  plotted  against  the  Munsell  Hue  and  Chroma 
points  projected  from  the  lower  diagram*  The 
Mansell  data  are  listed  in  Tables  VIII  and  IX* 

For  further  identification  see  Table  VI  and  the 
index  to  Appendix  C. 
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Figure  35. 

\fertical  and  horizontal  projections  of  the  color 
differences  between  the  ventral  (closed  circle) 
and  the  dorsal  (open  circle)  sides  of  Large  Tooth 
Poplar  (2)  "white”.  Large  Tooth  Poplar  (1)  "green”, 
and  Balsam  Poplar  (3)  "green”.  The  upper  diagram 
shows  the  Munsell  Value  plotted  against  the  Minsell 
Hue  and  Chroma  points  projected  from  the  lower 
diagram.  The  Munsell  data  are  listed  in  Tables  VIII 
and  IX.  For  further  identification  see  Table  VI 
and  the  index  to  Appendix  C. 
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Figure  36. 


Color  differences  con^Duted  from  the  Godlove 
color-difference  formula,  converted  into  NBS 
\mits,  between  the  ventral  and  the  dorsal  sides 
of  the  same  leaf  specimens  picked  in  the  spring 
(May  18,  1953)  in  the  Ottawa,  Ontario,  regicn 
of  the  Dominion  of  Canada* 
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Table  VII 

Canadian  Forest  Leaves 


Chroinaticity  Coordinates  and  Daylight  Reflectances  for  C*I.E.  Source  C 
of  the  Leaves  Studied. 


Ventral  Side 

Dorsal 

Side 

Chromaticity  Daylight 
Coordinates  Reflectance 

Chroinaticity 

Coordinates 

Daylight 

Reflectance 

Specimen 

X 

y 

x(S) 

X 

y 

U%) 

TREMBLING  ASPEN 

0.337 

0.1*29 

9.3 

0.31*1 

0.1*01* 

18.8 

BASSWOOD 

.361 

00 

• 

12.8 

— 

— 

— 

BEECH  (1) 

.376 

.1*1*2 

16.7 

— 

— 

— 

BEECH  (2) 

.li09 

.391 

13.2 

.381* 

.378 

15.6 

“Brown” 

BSECH  (3) 

.360 

.1*1*6 

7.9 

.31*8 

.1*01 

15.5 

“Green” 

WHITE  BIRCH 

.359 

.1*51* 

13.2 

— 

— 

YELLOW  BIRCH 

.31*0 

.382 

6.9 



— 

— 

PIN  CHERRY 

.335 

• iil8 

8.6 

— 

— 

— 

WHITE  ELM  (1) 

.373 

.352 

13.3 

— 

— 

— 

WHITE  ELM  (2) 

.363 

•UUo 

12.1* 

.31*9 

.399 

18.8 

HORNBEAM 

.35U 

.1*32 

6.8 

— 

— 

— 

IRONWOOD 

.37h 

• h3h 

10.8 

.358 

.38U 

ll*.3 

JUNEBERRY 

.381* 

.1*50 

ii*.i 

.369 

.I4O8 

22.5 

RED  MAPLE 

.351* 

.1*32 

11.6 

.356 

.1*23 

13.5 

SUGAR  MAPLE  (1) 

.366 

.1*61* 

il*.5 

— 

— 

— 

SUGAR  MAPLE  (2) 

.372 

.1*57 

il*.3 

.351 

.1*07 

21.3 

SUGAR  MAPLE  (3) 

.lae 

.390 

17.8 



— 

— 

“Light  Brown” 

SUGAR  MAPLE  (h) 

.390 

.358 

12.6 

— 



— 

“Medium  Brown” 

SUGAR  MAPLE  (5) 

.360 

.31*6 

8.1 

— 

— 

— 

“Dark  Brown” 

BALSAM  POPLAR  (1) 

.339 

.1*02 

10.1* 

— 

— 

— 

BALSAM  POPLAR  (2) 

.31*0 

.331* 

U.8 

.365 

.356 

11.3 

“Black” 

BALSAM  POPLAR  (3) 

.362 

.1*30 

15.3 

.31*1 

.377 

29.7 

“ Green” 

LARGE  TOOTH  POPLAR  (1) 

.369 

.1*37 

18.8 

.338 

.372 

31.1* 

“Green” 

LARGE  TOOTH  POPLAR  (2) 

.329 

.338 

15.1* 

.331 

.31*2 

32.8 

“White »» 
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Table  VIII 

Canadian  Forest  Leaves 

Mansell  Renotations  and  ISCC-NBS  Color  Designations  of  the  Ventral  Side 
of  the  Leaves  Studied, 

Mansell  ISCC-NBS 


Specimen 

Renotations 

Color  Designations 

TREMBLING  ASPEN 

6.6GI  3.6/1*.! 

Moderate  Olive  Green 

BASSWOOD 

1*.8gt  l*.l/U.7 

Moderate  Olive  Green 

BEECH  (1) 

2.5gy  l*.6/l*.8 

Moderate  Yellow  Green 

BEECH  (2) 

0.1*Y  U.2/3.8 

Moderate  Yellowish  Brown 

Brown” 

BEECH  (3) 

1*.7GT  3.3/1*.  2 

Moderate  Olive  Green 

"Green” 

WHITE  BIRCH 

5.3GY  U.2/5.0 

Moderate  Olive  Green 

YELLOW  BIRCH 

3.UGY  3. 1/2. 2 

Grayish  Olive  Green 

PIN  CHERRY 

6.5gy  3.1*/3.6 

Moderate  Olive  Green 

WHITE  ELM  (1) 

7.0YR  1*. 2/2.1* 

Grayish  Brown 

WHITE  ELM  (2) 

1*.2GY  l*.l/l*.l* 

Moderate  Olive  Green 

HDRNBEAM 

1*.8GY  3. 0/3. 7 

Moderate  Olive  Green 

IRONWOOD 

2.0GY  3.8/U.O 

Moderate  Olive 

JUNEBERRY 

1.8GY  1*.3/1*.9 

Moderate  Olive 

RED  MAPLE 

5.1GY  3.9/l*.0 

Moderate  Olive  Green 

SUGAR  MAPLE  (1) 

5.1*gy  U.V5.5 

Moderate  Olive  Green 

SUGAR  MAPLE  (2) 

3.8GY  U.3/5.2 

Moderate  Olive  Green 

SUGAR  MAPLE  (3) 

8.9YR  1*.8/1*.6 

Moderate  Yellowish  Brown 

"Light  Brown” 

SUGAR  MAPLE  (1*) 

5.5YR  l*.l/3.0 

Moderate  Brown 

"Medium  Brown” 

SUGAR  MAPLE  (5) 

7.5YR  3. 3/1. 6 

Grayish  Brown 

"Dark  Brown” 

BALSAM  POPLAR  (1) 

5.6GY  3. 7/3.1 

Moderate  Olive  Green 

BALSAM  POPLAR  (2) 

7.7Y  2.6/0. 9 

Olive  Gray 

"Black" 

BALSAM  POPLAR  (3) 

3.7GY  1*.3/1*.3 

Moderate  Olive  Green 

"Green" 

LARGE  TOOTH  POPLAR  (l) 

3.2GY  1*.9/1*.8 

Moderate  Yellow  Green 

"Green" 

LARGE  TOOTH  POPLAR  (2) 

5.0Y  U.5/0.8 

Olive  Gray 

"White" 
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Table  IX 


Canadian  Forest  Leaves 

Mansell  Renotations  and  ISCC-NBS  Color  Designations  of  the  Dorsal  Sides 
of  the  Leaves  Studied. 


Mm  sell 

ISCC-^BS 

Spec  men 

Renotations 

Color  Designations 

TREMBLING  ASPEN  5.7GI  lj.9/3.7  Moderate  Yellow  Green 


BASSWOOD 

— - 



BEECH  (1) 

— 

— 

BEECH  (2) 

i.5y  li.5/3.1 

Light  Oli’ve  Brown 

"Brown” 

BEECH  (3)  ■ 

ll.OGY  U.5/3.2 

Moderate  Olive  Green 

"Green” 

WHITE  BIRCH 

.... 

YELLOW  BIRCH 

— 

— 

PIN  CHERRY 

— 

— 

WHITE  ELM  (1) 

— 

— 

WHITE  ELM  (2) 

3.8GY  U.9/3.U 

Moderate  Yellow  Green 

HORNBEAM 

— 

— 

IRONWOOD 

9.0Y  li.3/2.5 

Grayish  Olive 

JUNEBERRY 

O.Ugy  5. 3/3. 8 

Light  Olive 

RED  MAPLE 

Ij.lGY  It. 2/3. 9 

Moderate  Oli've  Green 

SUGAR  MAPLE  (1) 

— 

— 

SUGAR  MAPLE  (2) 

U.OOY  5.2/3.9 

Moderate  Yellow  Green 

SUGAR  MAPLE  (3) 

... 

.... 

"Light  Brown” 

SUGAR  MAPLE  (U) 

— 

"Medium  Brown" 

SUGAR  MAPLE  (5) 





"Dark  Brown" 

BALSAM  POPLAR  (1) 

— - 

— — 

BALSAM  POPLAR  (2) 

9.5XH  3. 9/2.0 

Grayish  Yellowish  Brown 

“Black" 

BALSAM  POPLAR  (3) 

3.1GY  6.0/2. 7 

Grayish  Yellow  Green 

"Green” 

LARGE  TOOTH  POPLAR  (1) 

3.UGY  6.1/2. 5 

Grayish  Yellow  Green 

”Gc?e^" 

LARGE  TOOTH  POPLAR  (2) 

5.8Y  6.2A.? 

Light  Olive  Gray 

"White" 

f* 


C**-  ' 
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Table  X 

Color  Differences  Computed  from  the  Godlo-ve  Color-Difference  Formula, 
Con'yerted  into  NBS  Iftiits,  Between  the  Ventral  and  Dorsal  Sides  of  the 
Same  Leaf  Specimen  of  the  Canadian  Forest  Trees. 

Color  Difference 
Specimen AE 


TKEMBLING  ASPEN 

26.0 

BEECH  (2) 

7.5 

”Brown" 

BEECH  (3) 

2l*.5 

”Green" 

WJITE  ELM  (2) 

17.0 

IRONWOOD 

13.0 

JUNEBERBI 

20.5 

RED  MAPLE 

6.0 

StX>AR  MAPLE  (2) 

19.0 

BALSAM  POPLAR  (2) 

27.0 

«Black»» 

BALSAM  POPLAR  (3) 

31.0 

"Green” 

LARCffi  TOOIH  POPLAR  (1) 

26.5 

" Green" 

LARGE  TOOTH  POPLAR  (2) 

31*.  0 

"White" 

en!^  «J4  .£»».?c«3  tmir  r ?»rf^  .^9^-i;t/ji^  Sj^‘*  ^<m  .*e  .4»r'»^'  *'3 
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Appendix  C. 

Ozalid  prints  of  the  original  recordings 
of  the  leaf  specimens  of  the  Canadian 
Forest  Trees  obtained  on  a General  Electric 
recording  spectrophotometer  at  the  National 
Bureau  of  Standards,  kOO  to  1080  millimicrons. 


Index  to  Appendix  C 
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GE  Graph  Sheet  Serial 

Nuntoer  Curve  Number 


Specimen 

Visible 
Spec  trum 

Near  Infrared 
Spectrum 

Venlral 

Side 

Dorsal 

Side 

TREMBLING  ASPEN 

GE  11-1216 

— 

1 

2 

BASSWOOD 

-1207 

GE  11-1208 

9 

— 

BjEECH  (1) 

-1207 

-1208 

7 

— 

BEECH  (2) 

-1217 

— 

1 

2 

"Brown” 

BEECH  (3) 

-1217 



3 

k 

"Green” 

WHITE  BIRCH 

-1207 

-1208 

5 

— 

YELLOW  BIRCH 

-1207 

-1208 

8 

— 

PIN  CHERRY 

-1207 

-1208 

11 

— 

WHITE  ELM  (1) 

-1210 

-1209 

u 

— 

WHITE  ELM  (2) 

-122U 

— 

1 

2 

HORNBEAM 

-1207 

-1208 

h 

— 

IRONWOOD 

-1221 

— 

1 

2 

JUNEBERRY. 

-1222 

— 

1 

2 

RED  MAPLE 

-1215 



1 

2 

SUGAR  MAPLE  (1) 

-1207 

-1208 

6 

SUGAR  MAPLE  (2) 

-1223 

— 

1 

2 

SUGAR  MAPLE  (3) 

, -1210 

-1209 

5 

— 

"Light  Brown” 

SUGAR  MAPLE  (H) 

-1210 

-1209 

6 

— 

"Medium  Brown" 

SUGAR  MAPLE  (5) 

-1210 

-1209 

7 

— 

"Dark  Brown” 

BALSAM  POPLAR  (1) 

-1207 

-1208 

10 

— 

BALSAM  POPLAR  (2) 

-1219 

3 

It 

"Black” 

BALSAM  POPLAR  (3) 

-1219 



1 

2 

"Green” 

LARGE  TOOTH  POPLAR  (1) 

-1220 



1 

2 

"Green" 

LARGE  TOOTH  POPLAR  (2) 

-1220 

— 

3 

It 

"White” 

V ; v»  1'^  < 
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Appendix  D 

Spectral  directional  reflectance  data 
obtained  from  correcting  and  reading 
the  spec  tr  op  ho  tome  trie  curves  of  leaf 
specimens  of  Canadian  Forest  Trees. 
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Canadian  Forest  Leaves 
(Near  Ottawa,  Ontario) 

Spectral  Directional  Reflectance  of  the  Ventral  and  Dorsal  Sides  of  the 
Leaves  of  the  Trees  Indicated  for  the  Visible  Spectrum,  iiOO  to  ?50 
Milliinicrons*  (See  Appendix  C,  GE  Graph  Sheets  Serial  No»  GE  11-1216, 


BEECH  (2) 
’’Brown” 

Ventral  Dorsal 


BEECH  (3) 
“Green” 

Ventral  Dorsal 


WHITE  ELM  (2) 


Ventral  Dorsal 


-1217,  122iiO 


Wave  TREMBLING  ASPEN 
Length 

ny.  Ventral  Dorsal 


UCK) 

00029 

0.01*0 

10 

.030 

.050 

20 

.033 

.066 

30 

.036 

.080 

ho 

.01*0 

.096 

h^o 

.oUU 

.101 

60 

•0U5 

.108 

70 

.01*5 

.108 

80 

.01*5 

.109 

90 

• OU6 

.113 

500 

.050 

.126 

10 

.062 

.150 

20 

.087 

.188 

30 

.116 

.217 

ho 

.129 

.229 

550 

0I32 

.232 

60 

.125 

.226 

70 

.106 

,208 

80 

.088 

.189 

90 

.078 

.178 

600 

.071* 

.171 

10 

.068 

.161* 

20 

.060 

.152 

30 

.056 

.IU8 

Uo 

.051 

-139 

65o 

•oUU 

.121* 

60 

.039 

.110 

70 

.031* 

.096 

80 

•032 

.092 

90 

.050 

.129 

700 

,121* 

.219 

10 

.21*2 

.320 

20 

.380 

.1*25 

30 

.511 

.511 

Uo 

.585 

.581 

750 

.626 

.612 

0.01*0 

0,060 

0.021 

.01*1* 

.065 

.021* 

.01*6 

.069 

.025 

.050 

.073 

.026 

.052 

.076 

,028 

.051* 

.080 

.028 

.058 

.081* 

.029 

.061 

,089 

.030 

.061* 

.091* 

.030 

.070 

.099 

.030 

.076 

.106 

,031* 

.086 

.116 

.01*1* 

.098 

.126 

.0^ 

.108 

.136 

.091 

.116 

,11*1* 

.105 

.126 

.152 

.111 

.137 

.162 

* .110 

.11*8 

.171 

.096 

.159 

,180 

.081 

.170 

.188 

.078 

.171* 

.192 

.068 

.176 

.191* 

.062 

.181 

.198 

.051* 

.190 

.205 

.050 

.192 

.201* 

.01*6 

.180 

.196 

.038 

.158 

.171* 

.032 

.137 

.155 

.026 

.11*7 

.163 

.021* 

.198 

.211 

,038 

.259 

.271* 

.101 

.322 

.336 

,200 

.360 

,376 

.298 

.381* 

.396 

.371* 

.1*00 

.lao 

.ia8 

.•Itll* 

,1*20 

• 1*38 

0.051* 

0.028 

0.068 

.061* 

.032 

.078 

.069 

.038 

.086 

.071* 

.Ola 

.090 

.076 

.01*1* 

.093 

.081 

.0l*6 

.099 

,081* 

.01*8 

.102 

.086 

.01*9 

.101* 

.087 

.050 

.106 

.090 

.050 

.109 

.100 

.058 

.121 

.120 

.075 

.11*1* 

.11*8 

,106 

.176 

.171 

.11*2 

.206 

.181* 

.160 

.220 

.188 

,168 

.226 

.186 

.168 

.226 

.171* 

.150 

.211 

.161 

.130 

.195 

,152 

.119 

.186 

.11*8 

.111* 

.180 

1 1 

e 

.105 

.171* 

.131* 

.095 

.161* 

.129 

.090 

.159 

.122 

00 

0 

« 

.153 

.109 

0 

0 

.136 

.098 

.061 

.126 

.085 

.050 

.110 

.080 

.01*8 

.101* 

.106 

.067 

.135 

.181* 

.150 

.220 

.266 

.261* 

.311* 

.338 

.380 

.1*01 

.395 

.1*76 

.1*76 

.1*29 

.51a 

.522 

.1*1*1* 

.578 

.550 

ijiin^-''  %!:  nv  .A*;3iili^j  • *■»  ' >3#,  ' 'v^‘'’f.,-’^i.  U-i^ 


jjo.n 
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Canadian  Forest  Lea'ves 
(Near  Ottawa,  Ontario) 

Spectral  Directional  Reflectance  of  the  Ventral  and  Dorsal  Sides  of  the 
Leaves  of  the  Trees  Indicated  for  the  Visible  Spectrum,  UOO  to  ?50 
Millimicrons o (See  Appendix  C;  GE  Graph  Sheets  Serial  No*  GE  11-1215, 


-1221, 

Wave 

Length 

-1222,  -1223.) 
IROHWOOD 

JUNEBERRY  • 

RED  MAPLE 

SIGAR  MAPLE  (2) 

Ventral 

Dorsal 

Ventral 

Dorsal 

Ventral  Dorsal 

Antral 

Dorsal 

Uoo 

0,029 

0.060 

O0O30 

0.062 

0.01*0 

0.01*0 

0.031* 

0.088 

10 

.031 

.066 

.031* 

.078 

»olih 

.0ii8 

.036 

.091 

20 

• 03lt 

.071 

.037 

.090 

.01*5 

.052 

.038 

.091* 

30 

.036 

.071* 

0O39 

.091* 

.0^6 

.051* 

.01*0 

.096 

ho 

.038 

.076 

.01*0 

.096 

• 0li6 

.051* 

.Ola 

.098 

U5o 

.039 

.080 

.Ola 

.100 

.01*7 

.058 

.01*3 

.101* 

60 

.Ola 

.081* 

• Ohh 

.106 

0OU8 

.060 

.Olili 

.109 

70 

.0h2 

.085 

.01*5 

.108 

.01*8 

.061 

.01*6 

.110 

80 

.0k2 

.086 

.0U5 

.109 

.01*9 

.062 

.01*6 

.111 

90 

.oUU 

.090 

.01*9 

.111* 

.050 

0O66 

.01*9 

.116 

500 

.01*9 

.099 

.059 

.129 

.057 

.075 

.057 

.131 

10 

. 06U 

.112 

.082 

.156 

.075 

0O97 

.081 

.160 

20 

.090 

.129 

.116 

.195 

.106 

.126 

.121* 

.200 

30 

.118 

.11*3 

.150 

.231 

.138 

.155 

.166 

.237 

ho 

.131 

.l5o 

.171 

.252 

.150 

.168 

.186 

.251* 

550 

•139 

.158 

.181 

.261* 

.156 

.171 

.196 

.261 

60 

.lllO 

.162 

.181* 

.269 

.152 

.169 

.195 

.259 

70 

.131 

.160 

.176 

.261 

.136 

.151* 

.176 

.21*2 

80 

.118 

.156 

.158 

.21*9 

.119 

.11*0 

.152 

.222 

90 

.110 

.151* 

.IU8 

.21*0 

.109 

.131 

.139 

.209 

600 

.106 

.151* 

.lUl 

.236 

.101* 

.126 

.131 

.202 

10 

.100 

.151 

.131* 

.229 

.096 

.119 

.121 

.192 

20 

.096 

.11*8 

.120 

.216 

0086 

.110 

.106 

.180 

30 

.086 

.11*6 

.111* 

.209 

. 08ii 

.106 

.100 

.171* 

ho 

.081 

.11*2 

.109 

.206 

.075 

0O99 

.091* 

.165 

650 

.068 

.130 

.091* 

.188 

.063 

.086 

.071* 

•Ihh 

60 

.058 

.121 

.076 

.I6ii 

.051* 

.075 

.061 

.129 

70 

.01*8 

.107 

.056 

.135 

.01*6 

.06U 

.01*9 

.110 

80 

.01*5 

.102 

.050 

ol2h 

.Oii.6 

.062 

•>0hh 

.101* 

90 

.068 

.131* 

.072 

.158 

.071* 

.100 

.072 

.139 

700 

.151 

.215 

.160 

.260 

.165 

.185 

.185 

.21*7 

10 

.279 

.292 

.261* 

.357 

.270 

.270 

.320 

.360 

20 

.371* 

.351* 

.352 

.1*33 

.31*8 

.3U8 

• U3U 

.1*51* 

30 

.1*1*5 

.1*00 

.ia6 

0U86 

• itiU 

.1*00 

.521* 

.525 

ho 

.1*90 

•U3U 

.1*59 

.520 

.U52 

• h36 

.575 

.575 . 

750 

.518 

.1*56 

.1*81 

.539 

.1*72 

.1*56 

.609 

. 60U 
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Canadian  Forest  Leaves 
(Near  Ottawa,  Ontario) 

Spectral  Directional  Reflectance  of  the  Antral  and  Dorsal  Sides  of  the 
Leaves  of  the  Trees  Indicated  for  the  'W.sible  Spectrum,  1|00  to  ?50  Mill^- 
microis.  (See  Appendix  C;  GE  Graph  Sheets  Serial  Noo  GE  11-1219,  -1220*) 

LARGE  TOOTH  LARGE  TOOTH 

Vfave  BALSAM  P0PLAR(2)  BALSAM  POPLARQ)  POPLAR(l)  P0PLAR(2) 

Length  **Black”  **  Green**  ” Green”  "White” 


up. 

Ventral 

Dorsal 

Ventral 

Dorsal 

Ventral  Dorsal 

Vsntral 

Dorsal 

Uoo 

0.037 

\ 

0.052 

0.052 

0.096 

0.050 

0.136 

0*090 

0.1I*6 

10 

.038 

.059 

.051* 

.116 

.055 

.160 

.101* 

.181* 

20 

.038 

.061* 

.056 

.138 

.060 

.179 

.ul* 

*212 

30 

.039 

.068 

.058 

.156 

.061* 

*191 

*120 

.235 

Uo 

.01*0 

*071 

.060 

.171* 

. 066 

*200 

.125 

.252 

1*50 

.01*0 

.071* 

.062 

.189 

.069 

.206 

*129 

.266 

60 

.01*0 

• 077 

.063 

*200 

*071 

*212 

*132 

• 277 

70 

.01*0 

.080 

.06U 

.206 

.072 

.211* 

.131* 

.286 

80 

.01*1 

.082 

.061* 

.210 

0O72 

.216 

.135 

,292 

90 

.01*1 

o08U 

* O6U 

.216 

.071* 

*219 

.136 

.298 

500 

.01*2 

.086 

.070 

.230 

.081* 

.229 

.138 

*302 

10 

.01*2 

,090 

.086 

.252 

*109 

.251* 

.iia 

.308 

20 

,oUU 

.095 

.121* 

.282 

.158 

.291* 

.11*6 

.311* 

30 

.oUU 

.100 

.169 

.311 

*211 

• 332 

.150 

*320 

Uo 

.01*6 

.101* 

.195 

.326 

.238 

.351* 

.151* 

.325 

550 

.01*6 

.109 

.206 

.335 

.21*8 

.360 

.158 

• 329 

60 

.01*9 

.111* 

.206 

.335 

.21*6 

.359 

.160 

• 333 

70 

.050 

.119 

.189 

.321* 

.226 

• 3UU 

.160 

.336 

80 

.051 

.121* 

.161* 

.308 

.202 

.326 

.160 

.338 

90 

.052 

.129 

.11*9 

• 299 

.186 

.311* 

.160 

.31*0 

600 

.051* 

.131* 

.11*0 

.292 

.178 

• 307 

.160 

.31*3 

10 

.055 

.137 

.131 

.286 

.169 

.300 

.161 

.31*5 

20 

.056 

.11*1 

.119 

• 277 

.156 

*292 

.160 

• 3U6 

30 

.058 

*1U6 

.113 

*272 

.150 

.286 

.160 

.31*8 

Uo 

.059 

.150 

.101* 

.265 

.136 

.276 

.159 

.31*8 

650 

.059 

.151 

.087 

.250 

*111 

.256 

.151* 

.31*6 

60 

.058 

.152 

.078 

• 239 

*100 

.21*6 

.152 

.31*5 

70 

.056 

• 152 

.068 

.222 

.081* 

*232 

.150 

.31*2 

80 

.057 

.157 

*06U 

.215 

.076 

.228 

.150 

.31*2 

90 

.061* 

.166 

.082 

.21*1* 

.111* 

.260 

.160 

.351* 

700 

.072 

.176 

*186 

.326 

.250 

.371* 

.201* 

.361* 

10 

.078 

.181* 

• 330 

.1*22 

.399 

.1*92 

.21*9 

.lai 

20 

.082 

.190 

.1*71 

.515 

.501* 

.571* 

.275 

*U28 

30 

.086 

.195 

.576 

.592 

*566 

.62U 

.291* 

• UUo 

Uo 

.090 

.200 

.639 

.639 

.600 

*6U6 

.305 

.1*1*8 

750 

.091* 

.201* 

.672 

*66U 

0616 

.659 

.315 

.1*51* 

> 
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Canadian  Forest  Leaves 
(Near  Ottawa,  Ontario) 

Spectral  Directional  Reflectance  of  the  Ventral  Side  of  the  Leaves  of  the 
Trees  Indicated  for  the  Visible  and  Near  Infrared  Spectrum,  i;00  to  1080 
Millimicrons.  (See  Appendix  C;  GE  Graph  Sheets  Serial  No.  GE  11-1207,  -1208o) 


BASSWDOD 


Ventral 

. Side 

Wave 

Length 

nu 

Wave 

Length 

nu 

Uoo 

0.0li3 

750 

0.556 

10 

• Oiih 

60 

.578 

20 

.01(3 

70 

.585 

30 

.01(3 

80 

.590 

Uo 

.01(3 

90 

.593 

k$o 

.01(3 

800 

.595 

60 

• Ol|i| 

10 

.598 

70 

• 0i|6 

20 

.600 

80 

.01(7 

30 

.603 

90 

.01(8 

Uo 

.602 

500 

.057 

85o 

.60h 

10 

.079 

60 

. 6o6 

20 

.122 

70 

.607 

30 

.151( 

80 

.608 

ho 

.170 

90 

.608 

550 

• .17l( 

900 

.610 

60 

.168 

10 

.610 

70 

.150 

20 

.608 

80 

.130 

30 

.607 

90 

.118 

UO 

.601 

600 

.112 

950 

.591 

10 

.103 

60 

.579 

20 

.093 

70 

.570 

30 

.089 

80 

.569 

ho 

.080 

90 

.571 

65o 

• 066 

1000 

.576 

60 

.057 

10 

.583 

70 

.01(7 

20 

.589 

80 

.01(5 

30 

.590 

90 

.075 

Uo 

.593 

700 

.189 

io5o 

.596 

10 

.292 

60 

.597 

20 

.1(02 

70 

.596 

30 

.1(82 

80 

.596 

Uo 

.530 

BEECH  (1) 


Ventral  Side 


Wave 

Length 

mp, 

Wave 

Length 

nu 

1(00 

0.01(7 

750 

0.568 

10 

.01(8 

60 

.578 

20 

.050 

70 

.585 

.30 

.050 

80 

.592 

Uo 

.052 

90 

.597 

1(50 

.055 

800 

.602 

60 

.058 

10 

.607 

70 

.059 

20 

.611 

80 

.062 

30 

.615 

90 

.066 

Uo 

.618 

500 

.081 

■ 85o 

.622 

10 

.109 

60 

.625 

20 

.152 

70 

.628 

30 

.186 

80 

.630 

Uo 

.203 

90 

.632 

550 

.212 

900 

.637 

60 

.212 

10 

.638 

70 

.196 

20 

.61(1 

80 

.180 

30 

.61(2 

90 

.169 

Uo 

06U3 

600 

.161( 

950 

. 6UO 

10 

.156 

60 

.638 

20 

.11(6 

70 

.637 

30 

.11(1 

80 

.637 

Uo 

00 
cvj 
( — 1 
0 

90 

.61(0 

650 

.108 

1000 

.6UU 

60 

.095 

10 

06U8 

70 

0O79 

20 

.650 

80 

.077 

30 

.652 

90 

.121 

Uo 

.65U 

700 

.21(9 

1050 

•655 

10 

.376 

60 

.658 

20 

.1(58 

70 

.660 

30 

.515 

80 

,662 

Uo 

.550 

WHITE  BIRCH 


Ventral  Side 


Wave 

Length 

nu 

Wave 

Length 

nu 

Ri( 

1(00 

0.039 

750 

0.570 

10 

.01(2 

60 

.581 

20 

.01(3 

70 

.585 

30 

.01(3 

80 

.588 

Uo 

.01(3 

90 

.590 

1(50 

.01(3 

800 

.591 

60 

.oUU 

10 

.593 

70 

•0U6 

20 

.59l( 

80 

.01(7 

30 

.595 

90 

.OU8 

Uo 

.59l( 

500 

.057 

85o 

.598 

10 

.079 

60 

.598 

20 

.122 

70 

.600 

30 

.161( 

80 

.602 

Uo 

.182 

90 

.602 

550 

.187 

900 

. 6OU 

60 

.180 

10 

.605 

70 

.155 

20 

.605 

80 

.131 

30 

.606 

90 

.118 

UO 

. 606 

600 

.111 

950 

.603 

10 

0IO3 

60 

.602 

20 

.093 

70 

.600 

30 

.089 

80 

.601 

Uo 

.080 

90 

.602 

65o 

«066 

1000 

.605 

60 

.058 

10 

.608 

70 

.050 

20 

.610 

80 

.01(9 

30 

.613 

90 

.078 

Uo 

.615 

700 

.19l( 

1050 

.617 

10 

.313 

60 

.619 

20 

.1(32 

70 

.621 

30 

.507 

80 

.623 

Uo 

.551 
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Canadian  Forest  Leaves 
(Near  Ottawa,  Ontario) 

Spectral  Directional  Reflectance  of  the  Ventral  Side  of  the  Leaves  of  the 
Trees  Indicated  for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to  1080 
Millimicrons,  (See  Appendix  C;  GE  Graph  Sheets  Serial  No.  GE  11-1207,  -1208, 
-1209,  -1210.) 


YELLOW  BIRCH PIN  CHERRY WHITE  ELM(l) 


Ventral 

, Side 

Ventral 

Side 

Ventral 

Side 

Wave 

Length 

itU 

Ra 

Wave 

Length 

nu 

Ra 

Wave 

Length 

iru 

Ra 

Wave 

Length 

mp 

Ra 

Wave 

Length 

nu 

Ra 

Wave 

Length 

Ra 

liOO 

0.039 

750 

0.296 

1*00 

0.037 

750 

0.626 

1*00 

0.073 

750 

0.309 

10 

.039 

60 

.301 

10 

.038 

60 

06U8 

10 

.076 

60 

.329 

20 

.oUo 

70 

.311 

20 

.039 

70 

. 660 

20 

.078 

70 

.339 

30 

.Ola 

80 

.321 

30 

.Ola 

80 

.667 

30 

.082 

80 

.351 

ko 

.01*2 

90 

.331 

Uo 

.01*2 

90 

.670 

Uo 

.O8U 

90 

.362 

U5o 

.01*2 

800 

.3l»2 

1*50 

.01*3 

800 

.671* 

1*50 

.087 

800 

.372 

60 

.01*2 

10 

.351* 

60 

.01*3 

10 

.677 

60 

.089 

10 

.382 

70 

.01*2 

20 

.366 

70 

.01*3 

20 

.679 

70 

.092 

20 

.392 

80 

.01*2 

30 

.377 

80 

.01*3 

30 

.682 

80 

.095 

30 

.1*02 

90 

.01*3 

Uo 

.389 

90 

.01*3 

Uo 

.681 

90 

.098 

Uo 

.lai 

500 

•oliU 

850 

.1*01 

500 

•OUU 

85o 

.685 

500 

.100 

85o 

.1*20 

10 

.01*9 

60 

.lai* 

10 

.056 

60 

.686 

10 

.101* 

60 

.1*30 

20 

.062 

70 

.U26 

20 

.079 

70 

.688 

20 

.109 

70 

.1*37 

30 

.071* 

80 

.1*39 

30 

.106 

80 

.689 

30 

.113 

80 

.1*1*5 

ko 

.081 

90 

.U50 

Uo 

.U8 

90 

.691 

Uo 

.118 

90 

.1*51 

550 

.081* 

900 

.1*65 

550 

.122 

900 

.693 

.125 

900 

.1*59 

60 

.081* 

10 

.1*76 

60 

.115 

10 

.693 

60 

.131 

10 

.1*65 

70 

.078 

20 

.1*88 

70 

.098 

20 

.692 

70 

.138 

20 

.1*70 

80 

.071 

30 

• U98 

80 

.081 

30 

.692 

• 80 

.11*5 

30 

.1*75 

90 

.067 

Uo 

.507 

90 

.073 

Uo 

.691 

90 

.151* 

Uo 

.U8l 

600 

.065 

950 

.512 

600 

.068 

950 

.686 

600 

.161 

950 

.U8U 

10 

.063 

60 

.518 

10 

.063 

60 

.682 

10 

.169 

60 

.1*89 

20 

.058 

70 

.523 

20 

.056 

70 

.678 

20 

.178 

70 

.1*93 

30 

.058 

80 

.531 

30 

.051* 

80 

.677 

30 

.185 

80 

.1*95 

ko 

.051* 

90 

.538 

Uo 

.050 

90 

.679 

Uo 

.195 

90 

.500 

650 

.01*9 

1000 

.5U8 

65o 

.01*5 

1000 

.680 

650 

.203 

1000 

.502 

60 

.0U6 

10 

.556 

60 

.Ola 

10 

.68U 

60 

.211 

10 

.503 

70 

.01*3 

20 

.565 

70 

.039 

20 

.685 

70 

.220 

20 

.501* 

80 

.01*3 

30 

.571 

80 

.039 

30 

.685 

80 

.229 

30 

.501* 

90 

.051* 

UO 

.576 

90 

.01*9 

Uo 

.685 

90 

.21*0 

Uo 

.503 

700 

.110 

1050 

.578 

700 

.112 

1050 

.683 

700 

.251 

1050 

.501 

10 

.172 

60 

.582 

10 

.226 

60 

.683 

10 

.262 

60 

.500 

20 

.228 

70 

.586 

20 

.361 

70 

.682 

20 

.272 

70 

.1*97 

30 

.259 

80 

.586 

30 

.1*95 

80 

.682 

30 

.290 

80 

.U96 

Uo 

.281 

Uo 

.578 

Uo 

,300 
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Canadian  Forest  Leaves- 
(Near  Ottawa,  Ontario) 

Spectral  Directional  Reflectance  of  the  Ventral  Side  of  the  Leaves  of  the 
Trees  Indicated  for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to  1080 
Millimicrons.  (See  Appendix  C;  GE  Graph  Sheets  Serial  No.  QEr-II-1207,  -1208, 
-1209,  -1210.) 


HORNBEAM SUGAR  MAPLE(l) SUGAR  MAPLEQ) 


Ventral 

. Side 

Ventral 

, Side 

“Light  Brown“ 
Ventral  Side 

Wave 

Length 

nVL 

Wave 

Length 

IT^. 

Wave 

Length 

np. 

Ra 

Wave 

Length 

npL 

Ra 

Wave 

Length 

1 : 

Wave 

Length 

up, 

Ra 

1*00 

0.025 

750 

0.391* 

1*00 

0.036 

750 

0.621* 

1*00 

0.051 

750 

O.UU2 

10 

.026 

60 

.1*20 

10 

.038 

60 

.631* 

10 

.055 

60 

.1*51* 

20 

.026 

70 

.1*32 

20 

.039 

70 

.6U2 

20 

.058 

70 

.U62 

30 

.027 

80 

• hhl 

30 

.01*1 

80 

.61*5 

30 

.062 

80 

.1*71 

ko 

.028 

90 

.1*1*9 

liO 

.01*2 

90 

.61*8 

Uo 

.061* 

90 

.1*80 

1*50 

.028 

800 

.1*57 

1*50 

.01*3 

800 

.650 

1*50 

.068 

800 

.1*87 

60 

.028 

10 

• U65 

60 

.01*3 

10 

.653 

60 

.071* 

10 

.1*91* 

70 

.028 

20 

.1*73 

70 

• Ohh 

20 

.65U 

70 

.082 

20 

.1*99 

80 

.028 

30 

.1*80 

80 

.0U6 

30 

.657 

80 

.090 

30 

.505 

90 

.028 

ho 

.1*87 

90 

.0U8 

Uo 

.656 

90 

.098 

Uo 

.510 

500 

♦ 032 

850 

.1*91* 

500 

.057 

85o 

.658 

500 

.107 

850 

.515 

10 

.01*2 

60 

.500 

10 

.088 

60 

.659 

10 

.118 

60 

.519 

20 

.062 

70 

.506 

20 

.137 

70 

.662 

20 

.129 

70 

• .521* 

30 

.080 

80 

.513 

30 

.179 

80 

. 663 

30 

.11*0 

80 

.527 

ho 

.089 

90 

.518 

ho 

.196 

90 

.663 

Uo 

.153 

90 

.530 

550 

.092 

900 

.521* 

550 

.201 

900 

.667 

550 

.166 

900 

.531* 

60 

.090 

10 

.528 

60 

.195 

10 

.668 

60 

.179 

10 

.537 

70 

.079 

20 

.532 

70 

.173 

20 

.667 

70 

.190 

20 

.539 

80 

.068 

30 

.536 

80 

.11*9 

30 

.667 

80 

.206 

30 

.51*2 

90 

.062 

iiO 

.539 

90 

.135 

Uo 

.667 

90 

.220 

Uo 

.51*1* 

600 

.059 

950 

.51*3 

600 

.127 

950 

.665 

600 

.231* 

950 

.51*5 

10 

.055 

60 

.5U6 

10 

.115 

60 

.662 

10 

.21*6 

60 

.51*9 

20 

.01*9 

70 

.51*8 

20 

.100 

70 

.660 

20 

.260 

70 

.550 

30 

.01*8 

80 

.552 

30 

.095 

80 

.660 

30 

.275 

80 

.552 

ho 

• Ohh 

90 

.556 

ho 

.085 

90 

.662 

Uo 

.288 

90 

.551* 

65o 

.038 

1000 

.558 

650 

.066 

1000 

.66U 

650 

.298 

1000 

.551* 

60 

.031* 

10 

.561 

60 

.051* 

10 

.666 

60 

.300 

10 

.553 

70 

.030 

20 

.565 

70 

.01*0 

20 

.668 

70 

.303 

20 

.552 

80 

.030 

30 

.568 

80 

.01*0 

30 

.672 

80 

.325 

30 

.551 

90 

.01*3 

ho 

.571 

90 

.077 

Uo 

.671* 

90 

.357 

Uo 

.5U8 

700 

.113 

1050 

.571* 

700 

.201* 

1050 

.676 

100 

.378 

1050 

.51*5 

10 

.192 

60 

.578 

10 

.337 

60 

.680 

10 

.391* 

60 

.51*3 

20 

.268 

70 

.580 

20 

.1*51 

70 

.681 

20 

.1*09 

70 

.51*2 

30 

.332 

80 

.583 

30 

.539 

80 

.685 

30 

.1*21 

80 

.51*1 

Uo 

.371 

ho 

.593 

Uo 

.1*32 
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Canadian  Forest  Leaves 
(Near  Ottawa,  Ontario) 

Spectral  Directional  Reflectance  of  the  Ventral  Side  of  the  Leaves  of  the 
Trees  Indicated  for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to  1080 
Millimicrons.  (See  Appendix  C;  GE  Graph  Sheets  Serial  No.  GE  11-1207^  -1208, 


-1209,  -1210.) 


SUGAR  MAPLE  (U) 
"Medium  Brown" 
Ventral  Side 


Wa^ 

Length 

nu 

Wave 

Length 

nu 

Uoo 

0.055 

750 

0.335 

10 

.061 

60 

.31*7 

20 

.066 

70 

.358 

30 

.069 

80 

.371 

Uo 

.072 

90 

0 

00 

• 

1*50 

.071* 

800 

.388 

60 

.076 

10 

.397 

70 

.011 

20 

•UoU 

80 

.080 

30 

.1*10 

90 

.082 

Uo 

.1*17 

500 

.085 

85o 

.1*22 

10 

.090 

60 

.1*28 

20 

.095 

70 

.1*32 

30 

.100 

80 

.1*36 

Uo 

.108 

90 

• UUo 

550 

.116 

900 

.1*1*5 

60 

.121* 

10 

.1*1*7 

70 

.131 

20 

.U50 

80 

.11*0 

30 

.1*51* 

90 

.11*9 

Uo 

.1*55 

600 

.159 

950 

.1*58 

10 

.169 

60 

.1*61 

20 

.180 

70 

• U6l 

30 

.190 

80 

•U63 

Uo 

.201 

90 

.1*65 

650 

.213 

1000 

.U66 

60 

.225 

10 

.U66 

70 

.236 

20 

.1*67 

80 

.21*8 

30 

.1*67 

90 

.261 

Uo 

.1*63 

700 

.275 

1050 

.1*59 

10 

.288 

60 

.1*57 

20 

.301 

70 

.U56 

30 

.313 

80 

.U56 

Uo 

.325 

SUGAR  MAPLE  ($) 
"Dark  Brown" 
Ventral  Side 


Wave 

Length 

nu 

Wave 

Length 

nu 

1*00 

0.051 

750 

0.223 

10 

.053 

60 

.21*2 

20 

.051* 

70 

.251* 

30 

.055 

80 

.268 

Uo 

.057 

90 

.281 

1*50 

.057 

800 

.292 

60 

.058 

10 

.306 

70 

.060 

20 

.316 

80 

.060 

30 

.327 

90 

.062 

Uo 

.337 

500 

.O6U 

85o 

.3U6 

10 

.067 

60 

.355 

20 

.069 

70 

.365 

30 

.072 

80 

.372 

Uo 

.075 

90 

.380 

550 

.077 

900 

.388 

60 

.080 

10 

.391* 

70 

.081* 

20 

.1*00 

80 

.086 

30 

.U06 

90 

.090 

Uo 

.1*10 

600 

.093 

950 

.1*15 

10 

.098 

60 

.1*21 

20 

.101 

70 

.1*25 

30 

.106 

80 

.1*29 

Uo 

.n2 

90 

.1*32 

650 

.117 

1000 

.1*36 

60 

.121* 

10 

.1*36 

70 

.132 

20 

.1*37 

80 

.11*0 

30 

.1*36 

90 

.150 

Uo 

.U35 

700 

.160 

1050 

.1*31* 

10 

.171 

60 

.U31* 

20 

.181* 

70 

.1*33 

30 

.200 

80 

.1*33 

Uo 

.212 

BALSAM  POPLAR  (1) 


Afentral 

Side 

Wave 

Wave 

Length 

Length 

nu 

nu 

1*00 

0.052 

750 

0.61*7 

10 

.053 

60 

.670 

20 

.051* 

70 

.682 

30 

.051* 

80 

.689 

Uo 

.055 

90 

.691* 

1*50 

.056 

800 

.699 

60 

.056 

10 

.701* 

70 

.057 

20 

.707 

80 

.056 

30 

.709 

90 

.057 

Uo 

.711 

500 

.058 

8^0 

.711* 

10 

.067 

60 

.716 

20 

.090 

70 

.718 

30 

.118 

80 

.720 

Uo 
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90 

.721 

550 

.11*0 

900 

.721* 

60 

.137 

10 

.721* 

70 

.120 

20 

.723 

80 

.101* 

30 

.722 

90 

.095 

Uo 

.717 

600 

.090 

950 

.709 

10 

.081* 

60 

.100 

20 

.011 

70 

.691 

30 

.071* 

80 

.690 

Uo 

,010 

90 

.690 

65o 

.063 

1000 

.691* 

60 

.058 

10 

.698 

70 

.055 

20 

.703 

80 

.055 

30 

.701* 

90 

.069 

Uo 

.701* 

700 

.11*7 

1050 

.707 

10 

.269 

60 

.707 

20 

.1*02 

70 

.709 

30 

.531 

80 

.710 

Uo 

.605 
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X»  Russian  Vegetation  and  Soil 

Dr.  E.  L.  Krinov  \jl  \ reported  spec  tropho  tome  trie  data  on  370  samples 
of  Russian  terrain,  nine  of  which  extended  over  the  whole  visible  spectr\im 
(UOO  to  7?0  millimicrons).  The  following  8 illustraticxis  relate  to  7 of 
these  9 samples,  5 samples  of  vegetation  and  2 of  soils.  Figures  37  and  UO 
show  reflectance  plotted  against  wavelength.  Figures  38  and  I4I  are  segments 
of  the  CIE  chromaticity  diagram  showing  the  c hr oraati cities  of  the  7 samples 
of  Russian  terrain,  and  Figures  39  and  k2  are  plots  of  the  Munsell  re  no- 
tations of  the  corresponding  colors.  The  data  used  for  these  illustrations 
are  listed  in  Tables  XII  and  XIII  and  refer  to  the  sairples  indexed  in  Table  XI 
and  in  Appendix  ' 

Color  differences  between  the  two  grasses  and  the  two  soils  were  evaluated 
by  means  of  the  Godlove  color-difference  formula,  and  are  shown  in  Table  XIV 
and  Figure  h3  in  terms  of  NBS  units. 

Krinov  published  approximately  10,(X)0  spectrograms  from  the  remaining 
361  specimens,  but  these  spectrograms  all  omit  the  orange-red  part  of  the 
spectrum  (6OO  to  650  millimicrons),  and  many  of  them  also  omit  the  red  and 
infrared  parts  of  the  spectrum  (wavelengths  greater  than  700  millimicrons). 

For  the  present  study  only  seven  of  the  nine  samples  for  which  no  inter- 
polation or  extrapolation  of  the  data  was  necessary  were  used.  The  two 
specimens  not  used  were  the  two  "snows”  (Krinov *s  object  Nos.  337  and  35U)o 
It  was  considered  that  these  spectrograms  were  photographed  with  some 
shadows  included  and  that  they  did  not  represent  the  true  nature  of  the 
spectral  directional  reflectance  of  snow. 

Recently,  Penndorf  Hl3]  reduced  the  eleven  generalized  types  that 
Krinov  had  assenbled  as  representative  of  his  measurements  of  spectral 
directional  reflectance,  using  C.I.E.  Standard  Source  B,  representative 
of  noon  sunlight.  These  eleven  types  consisted  of  four  "bare  areas  and 
soils",  of  four  "vegetative  formations",  and  three  "water  surfaces,  water 
bodies,  and  snow".  These  are  described,  tabulated,  and  illustrated  in 
Belkov* s translation  of  Krinov  (pages  70-72;  page  97>  Table  XI;  and 
page  11$,  Figure  2l|)  Cll  . 
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^ Table  U 

Identification  of  the  natural  formations  in  Russia  reported  by  Krinov  [l]  . 

Object 


Specimen 

Char  ac  ter  i s tic  s 

Number 

VECffiTAT’ION 

BIRCH 

Mature  Forest,  winter  stage 

6 

PLANTAIN 

Individual  Leaf  (top  surface) 

1U7 

GRASS 

Near  Road,  dus  ty 

l6l 

GRASS 

Summer  Green 

l61i 

FALLOW,  Green 

Flowering 

166 

SOIL 

SOIL,  Grey  Podsol 

Ploughed,  dry 

302 

EARTH  ROAD 

Grey  Podsol 

322 

-135- 


Figxire  37. 

Visible  and  near  infrared  spectral 

directional  reflectance  of  the  five 

types  of  vegetation  reported  by  Krinov  [l~^  « 


<4 
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Figto^e  38* 

Segment  of  the  C.I.E.  chroma ticity  diagram 
showing  dominant  wavelength,  excitation  pur- 
ity, and  chromaticity  coordinates  for  standard 
source  C of  the  five  types  of  Russian  vegeta- 
tdcai  computed  from  the  data  illustrated  in 
Figure  37,  and  listed  in  Appendix  E.  The 
chromaticity  coordinates  together  with  the 
daylight  reflectances  are  listed  in  Table  XII. 
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Figiire  39* 

Vertical  and  horizontal  projections  of 
the  colors  of  1Jie  fi*ve  types  of  Russian 
vegetation  illustrated  in  Figures  37  and 
38.  The  upper  diagram  shows  Mans  ell  VsQ.ue 
plotted  against  the  Munsell  Hue  and  Chroma 
points  projected  from  the  lower  diagram. 

The  Munsell  data  are  listed  in  Table  XIII. 

f# 


Figure  UO 


'W.sible  and  near  infrared  spectral  directional 
reflectance  of  the  two  samples  of  Russian  soil 
reported  by  Krinov  |^i]  • 
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Figure  l4l* 

Segment  of  the  C.I.E.  chroraaticity  diagram 
showing  dominant  wavelength,  excitation  pur- 
ity, and  chroma ticity  coordinates  for  standard 
source  C of  the  two  types  of  Russian  soil  com- 
puted from  the  data  illustrated  in  Figure  UO 
and  listed  in  Table  Appendix  £•  The  chroma  ticity 
coordinates  together  with  the  daylight  reflect- 
ances are  listed  in  Table  XII. 


FigTjre  U2 


^fertical  and  hcrizontal  projections  of  the 
colors  of  the  two  types  of  Russian  soil 
illustrated  in  Figures  UO  and  iil.  The  upper 
diagram  shows  Minsell  Value  plotted  against 
the  Munsell  Hue  and  Chroma  points  projected 
from  the  lower  diagram.  The  Munsell  data 


are  listed  in  Table  XIII 
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Figure  ii3* 


Color  differences  computed  from  the  Godlove 
color -difference  formula,  converted  into  NBS 
units,  between  the  types  of  grass  and  soil 
reported  for  Russia  by  Krinov  [l^  • 


-j 


Table  XII 


Russian  Vegetation  and  Soil 

Chroma ticity  Coordinates  and  Daylight  Reflectances  for  C.I*E*  Source  C 
of  the  Vegetation  and  Soil  Studied. 


Specimen 

Chromatic ity 
Coordinates 
X y 

Daylight 

Reflectance 

Russian  Vegetation 

BIRCH,  MTURE  FOREST 
Winter  Stage 
Object  #6^ 

0.31a 

0.333 

8.8 

PIANTAIH,  INDIVIDUAL 
LEAF 

Top  Surface 
Object  #lU7* 

.336 

.liOO 

10.5 

GRASS,  NEAR  ROAD 
Dusty 

Object  #L6L^ 

.353 

.377 

7.3 

GRASS 

Summer  Green 
Object 

.333 

.U98 

8.0 

FALLOW 

Gcreen,  Flowering 
Object  #l66»- 

.37li 

.1*09 

6.1 

Russian  Soil 

SOIL,  GREY  PODSOL 
Ploughed,  Dry 
Object  §307^ 

.350 

.31*7 

5.2 

EARTH  ROAD 

.3k2 

.31*5 

10.1 

Grey  Podsol 
Object  #322^ 


* See  Reference  [l] 
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Table  XIII 


Russian  ^getation  and  Soil 

Munsell  Renotations  and  ISCC-NBS  Color  Designations  of  the  Vegetation 
and  Soil  Studied, 


Munsell  ISCC-NBS 

Specimen Renotations  Color  Designations 


Russian  Vegetation 


BIRCH,  MATURE  FOREST 
Winter  Stage 
Object  #6* 

6.3IR  3.H/1.0 

Brownish  Gray 

PLANTAIN,  INDIVIDUAL 

leaf 

Top  Surface 
Object  #ll;7* 

5.9GX  3. 8/3. 2 

Moderate  Olive 

Green 

(mss,  NEAR  ROAD 
Dusty 

Object  #161* 

9.1Y  3. 2/2.0 

Grayish  Olive 

GRASS 

Summer  Green 
Object  #l6U* 

7.6GI  3. 3/6.3 

Moderate  Olive 

Green 

FALLOW 

Green,  Flowering 
Object  #166**' 

9.5Y  2. 9/2. 8 

Grayish  Olive 

Russian  Soil 

SOIL,  GREI  PODSOL 
Ploughed,  Dry 
Object  #30^ 

o.rr  2.7/1.2 

Dark  Grayish  Yellowish  Brown 

EARTH  ROAD 

2.1tY  3.7A*2 

Brownish  Gray 

Grey  Podsol 
Object  #322* 


* See  Reference  [l] 
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Table  XIV 

Color  Difference  Con^juted  from  the  Godlove  Color -Difference  Formla, 
Converted  into  NBS  liiits.  Between  (1)  the  Two  Types  of  Grass,  and 
(2)  the  Two  lypes  of  Soil,  Computed  from  Data  Published  by  Krinov  [^ll  • 

Color  Difference 
Specimen A_E 

(1)  Two  Sets  of  Grass 

GRASS  23.5 

(2)  Two  Sets  of  Soil 

SOIL  20.0 
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Appendix  E 


Spectral  directional  reflectance  data  of 
Russian  'vegetation  and  soil  obtained  from 
published  data  of  Krinov  fl]  • 
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Russian  Afegetation 


Spectral  Directional  Reflectance  of  Three  Types  of  Vegetation  gi-ven  by 
Krinov  [l]  for  the  Spectral  Region  UOO  to  900  MiHimicrons. 


BIRCH,  MATURE  FOREST  PLANTAIN,  INDIVIDUAL  LEAF  GRASS,  NEAR  ROAD 
Winter  Stage  Top  Surface  Dusty 

Object  Object  Object  #l6l^ 


Wave 

Length 

n^jL 

Wave 

Length 

ITp. 

Wave 

Length 

up. 

Wave 

Length 

up. 

Wave 

Length 

up 

Wave 

Length 

np 

Uoo 

0.072 

750 

0.100 

Uoo 

0.060 

750 

0.1*52 

1*00 

0.031 

750 

0.380 

10 

.073 

60 

.100 

10 

.060 

60 

.1*61* 

10 

.035 

60 

.385 

20 

.07li 

70 

.100 

20 

.060 

70 

.1*72 

20 

.036 

70 

.390 

30 

.07lj 

80 

.101 

30 

.060 

80 

.1*78 

30 

.01*5 

80 

.391 

ho 

• 07lj 

90 

.102 

Uo 

.060 

90 

.1*82 

Uo 

.01*5 

90 

.392 

U50 

.073 

800 

.103 

li5o 

.058 

800 

.1*85 

U50 

.oUU 

800 

.392 

60 

.072 

10 

.lOU 

60 

.057 

10 

- 

60 

.01*3 

10 

.391 

70 

.071 

20 

.105 

70 

.056 

20 

- 

70 

♦ oUU 

20 

.391 

80 

.070 

30 

.106 

80 

.o5U 

30 

- 

80 

.01*3 

30 

.390 

90 

.070 

Uo 

.107 

90 

.053 

Uo 

- 

90 

.01*5 

Uo 

.390 

500 

.071 

850 

.108 

500 

.051* 

85o 

— 

500 

.01*9 

850 

.38U 

10 

.073 

60 

.109 

10 

.060 

60 

10 

.051* 

60 

.376 

20 

.077 

70 

.110 

20 

.096 

70 

- 

20 

.058 

70 

.361* 

30 

.080 

80 

.110 

30 

.122 

80 

- 

30 

.075 

80 

.355 

iiO 

.082 

90 

.110 

Uo 

.136 

90 

- 

Uo 

.083 

90 

- 

550 

.087 

900 

.110 

550 

.11*2 

900 

— 

550 

.081 

900 

— 

60 

.090 

60 

.11*0 

60 

.081 

70 

.091 

70 

.126 

70 

.083 

80 

.095 

80 

.105 

80 

.082 

90 

.098 

90 

.093 

90 

.071* 

600 

.100 

600 

.087 

600 

.071 

10 

.101 

10 

.082 

10 

.072 

20 

.101 

20 

.076 

20 

.071* 

30 

.102 

30 

.070 

30 

.070 

Uo 

.102 

UO 

.O6U 

UO 

.069 

650 

.101 

650 

.056 

650 

.068 

60 

.100 

60 

.052 

60 

.010 

70 

.100 

70 

.052 

70 

.076 

80 

.100 

80 

.056 

80 

.090 

90 

.100 

90 

.070 

90 

.118 

700 

.100 

700 

.132 

700 

.150 

10 

.100 

10 

.300 

10 

.218 

20 

.100 

20 

•3UU 

20 

.320 

30 

.100 

30 

.1*00 

30 

.360 

ho 

.100 

Uo 

.1*21* 

Uo 

•371 

See  Reference  /]l] 


Russian  Vegetation 


Spectral  Directional  Reflectance  of  Two  lypes  of  Vegetation  gi^en  by 
Krinov  Cl]  for  the  Spectral  Region  COO  to  900  Millimicrons. 


GRASS  FALLOW 


Summer  Green  Green,  Flowering 

Object  #l6C^ Object  #166^ 


Wave 

Length 

irii 

Wave 

Length 

nu 

Wave 

Length 

ITU 

Wave 

Length 

nu 

1(00 

0.010 

750 

0.1(95 

Uoo 

0.021 

750 

0.156 

10 

.013 

60 

.630 

10 

.Oll( 

60 

.156 

20 

.01k 

70 

.71(0 

20 

.019 

70 

- 

30 

.oiU 

80 

.796 

30 

.021 

80 

- 

ho 

.018 

90 

- 

Uo 

.025 

90 

- 

U50 

.020 

800 

.. 

1(50 

.027 

800 

— 

60 

.022 

10 

- 

60 

.028 

10 

- 

70 

.02k 

20 

- 

70 

.032 

2a 

- 

80 

.026 

30 

- 

80 

.031 

30 

- 

90 

.037 

Uo 

- 

90 

.033 

Uo 

- 

500 

.053 

850 

- 

500 

.036 

85o 

mm 

10 

.078 

60 

- 

10 

.01(7 

60 

- 

20 

'.097 

70 

- 

20 

.050 

70 

- 

30 

.107 

80 

- 

30 

.063 

80 

- 

Uo 

.ni( 

90 

- 

Uo 

.070 

90 

- 

550 

.115 

900 

550 

.072 

900 

60 

.110 

60 

.070 

70 

.096 

70 

. 068 

80 

.073 

80 

.066 

90 

.053 

90 

.062 

600 

.01(5 

600 

.062 

10 

.01(7 

10 

.060 

20 

. 0U8 

20 

.061 

30 

.01(0 

30 

.058 

llO 

.025 

Uo 

.060 

65o 

0 

0 

• 

65o 

.060 

60 

.000 

60 

.072 

70 

.013 

70 

.095 

80 

.028 

80 

.123 

90 

.052 

90 

•1U8 

700 

.088 

700 

.152 

10 

.150 

10 

.151( 

20 

.21(5 

20 

.157 

30 

.3U7 

30 

.156 

Uo 

.1(20 

Uo 

.156 

* See  Reference  [l] 
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Russian  Soil 


Spectral  Directional  Reflectance  of  Two  lypes  of  Soil  gi-wen  by  Krinov  [l] 
for  the  Spectral  Region  UOO  to  900  Millimicrons. 


SOIL,  GREY  PODSOL  EARTH  ROAD 

Ploughed,  Dry  Grey  Podsol 

Object  #302<^ Object  #322» 
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90 
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^ See  Reference  [l] 
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XI.  Sumroary 

Visible  and  near  infrared  measurements  of  spectral  directional  reflect- 
ance have  been  made  on  some  selected  leaves  of  trees  in  the  Annapolis, 
Maryland,  and  Washington,  D.  C.,  areas  in  the  United  States  of  America  and 
in  the  Ottawa,  Ontario,  area  of  the  Dominion  of  Canada  on  a General  Electric 
recording  spectrophotometer  at  the  National  Bureau  of  Standards  for  the 
spectral  region  UOO  to  1080  millimicrons.  These  recordings  have  been 
illustrated  and  tables  of  data  are  included  as  well  as  graphs  and  tables  of 
chroma ticity  coordinates,  daylight  reflectances,  Munsell  renotaticns,  and 
ISCC-NBS  color  designations.  In  addition,  color  differences  in  terms  of 
the  NBS  unit  of  color  difference  have  been  coii5)uted  between  similar  leaf 
specimens  and  between  the  ventral  and  the  dorsal  sides  of  the  same  leaf 
specimens.  Similar  reductions  are  reported  and  illustrated  for  some  natural 
formaticns  in  the  USSR  as  determined  and  reported  by  Krinov  [l]  . 

Some  of  the  leaves  of  this  report  were  studied  directly  for  other 
purposes,  and  the  results  are  recorded  here  for  ready  reference  as  a start 
towards  collection  of  the  complete  information  required  for  reliable  inter- 
pretation of  aerial  photographs. 
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Appendix  F. 

Copies  of  the  fi've  work  requests  authorizing  the 
studies  on  American  and  Canadian  leaves  herein 
reported  are  included  in  this  appendix  together 
with  some  notes  by  Dr.  O'Neill  on  the  specimens. 

It  will  be  noted  that  the  first  two  of  these  work 
requests  also  authorize  measurements  of  photographs 
of  these  leaves  and  the  final  request  authorizes 
measurements  of  some  additional  leaves,  but  these 
measurements  for  one  reason  or  another  were  not 
made.  It  has  been  deemed  desirable  cn  this 
account  to  make  a single  report  of  the  completed 
parts  of  the  work  authorized  by  all  five  requests. 
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The  following  are  copies  of  the  original  work  requests  which  resulted 
in  the  present  report.  Also  included  are  some  notes  by  Dr.  0*Neill  accom- 
panying the  work  requests. 


* 


Serial  Number  2d  ^iADC-U/52. 


October  16,  1952 


"Determine  spec  tropho  tome  trie  curves  of  leaves  to  match  with  or  coiipare 
with  color  fidelity  and  gray  tones  of  the  same  leaves  as  registered  on  Ansco, 
Magenta,  and  Cyan  by  overcast  sky-light: 

1.  Green  white  oak  leaves  (Quercus  alba  L. ) cf.  exposures  83,  8U,  and 
85,  i»e.  as  registered  on  tricolor,  magenta,  and  cyan  films. 

2.  Red  dogwood  leaves  (Comus  florida  L.)  cf.  exposures  86,  8?,  and  88. 

3.  Brown  glossy  black  oak  leaves  (Quercus  velutina  Lam.)  typical  of 
thick,  deciduous,  coriaceous  leaves  when  browned,  cf.  exposures  89,  90,  and  91* 

Bright  yellow  hickory  leaves  (Carya  tomentosa  (Lam.)  Nutt.)  cf. 
exposures  92,  93^  and  9h» 

5*  Russet  beech  leaves  (Fagus  grandifolia  Ehrh. ) cf . exposures  95^  96, 
and  97.” 

”To  enable  us  to  set  up  a standard  objective  procedure  for  judging 
films  for  intelligence  and  reconnaissance.  One  factor  and  a fundamental 
factor  is  color  fidelity.  The  series  of  photographs  mentioned  above  83  - 97 
shows  the  field  entirely  taken  up  by  a single  or  a very  few  leaves  of  as 

uniform  a color  as  could  be  found  at  this  time.  The  curve  of  each  leaf  can 

be  coirpared  with  that  curve  shown  on  the  film.  Preceding  this  set  of  photo- 
graphs are  numbers  50  to  82  which  also  show  the  performance  of  the  same  films 

on  this  cloudy  day  when  registering  our  standard  color  patches.” 


Serial  Number  2.1  WADC-5/52, 


October  17,  1952 


"Determine  spectrophotometric  curves  of  Red  Dogwood  leaves  corresponding 
to  photographs  131  tricolor,  132  magenta  in  emulsion,  and  133  cyan  in  emulsion, 
taken  in  direct  sunlight  at  8- inch  focus  so  ajs  to  show  only  the  leaves  in  the 
entire  field.  Similarly  Yellow  hickory  leaves  in  the  same  series  comparable 
in  every  detail.  Nos.  13Uj  135>  and  136.  Also  Green  white  oak  leaves  photo- 
graphed on  exposures  137,  138,  and  139*  Also  Reddish  white  oak  leaves  photo- 
graphed on  exposures  lUO,  liil,  and  li|2.  Also  glossy  black  oak  leaves  photo- 
graphed on  exposures  lii3,  lUi,  and  lU5«  These  are  the  leaves  actually  photo- 

graphed so  that  this  affords  a means  of  testing  color  fidelity  on  Ansco 
Daylight  (tricolor  or  three-dye)  emulsion,  and  special  emulsicn  with  magenta 
only  and  special  emulsion  with  cyan  only.” 


"This  will  enable  us  not  only  to  check  or  estimate  color  fidelity  as  to 
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leaves  but  also  by  comparison  with  photographs,  of  the  series  98  to  132  to 
fit  in  with  data  on  the  color  patches  set  up  as  standards  for  judging  any 
future  films  to  be  tested  in  this  or  any  other  similar  research.  Yesterday* s 
studies  enable  the  whole  series  to  be  compared  with  similar  series  made  with 
overcast  sky.  In  this  way  conparisons  as  to  effect  of  skylight  and  of  sun- 
light can  be  made  at  numerous  points.  A table  showing  all  the  data  of  the 
films,  etc.  will  be  supplied  separately  as  soon  as  the  Ulms  have  been 
processed.** 


* * * -jt- 

Serial  Number  2.1  \$ADC^Q/$2  November  3^  1952 

** Spec trophotome trie  study  (UOO  to  1080  hvl)  of  colored  leaves.  These 
leaves  are  the  **last  leaves  of  Autumn**  and  were  picked  after  there  was  a 
killing  frost.**  (The  leaves  were  given  the  following  color  names  by  Dr. 
0*Neill  to  denote  the  fall  coloration:  Tulip  tree  **yellow**.  Dogwood  **red 

and  green**.  Beech  »*russet  brown**.  Beech  **yellow**.  Scarlet  Oak  **red”.  White 
Oak  **red  brown**,  and  Aspen  **blackening** . ) 

* * * * * 

Serial  Number  2.1  WADC -19/53  April  22,  1953 

"Spec  trophotome  trie  study  of  Spring  red  leaves.  Measure  the  spectral 
directional  reflectance  of  leaves  of  Spanish  Hazelnut  and  Purpleleaf  Plum 
(including  * green  sport*  and  intermediate  leaves  of  the  Ifezelnut)." 

-K-  * * -Ji- 

Serial  Number  2.1  WADC-20/53  May  li;,  1953 

"Study  of  early  foliage  in  the  subarctic  deciduous  forest,  also  dead 
overwintered  leaves  on  the  ground**.  **Shipiaent  of  leaves  received  from 
J.  M.  Robinson,  U5l  Riverdale  Avenue,  Ottawa,  Ontario,  on  May  lii,  1953* 
Mailed  in  Ottawa  on  May  11,  1953*  Delayed  in  Customs  which  passed  ihem 
ft*ee.  They  arrived  in  fairly  good  condition.  We  unpacked,  sorted,  and 
flattened  them  out  as  soon  as  received.  May  10,  1953  9 A.M.  Ottawa. 

Green  leaves:  Be  tula  lenta,  yellow  birch^  Fagus  sylvatica,  beech;  Tilia 

americana,  basswood;  Populus  tremuloides,  quaking  asp;  Quercus  borealis, 
red  oak;  Acer  rubrum  L.,  red  maple;  Populus  balsamifera  L.,  balsam  poplar 
(**cottonwood");  Acer  saccharum,  sugar  maple;  Prunus  pennsylvanica,  pin 
cherry;  Betula  papyrifera  March,  white  birch  (canoe  birch);  Acer  saccharum, 
sugar  maple;  and  Ostrya  virginiana,  hornbeam. 

Autumn  Dead  Leaves  (used  for  packing,  showing  the  brown  shades  of  the  leaves 
on  the  ground  at  this  time):  Acer  saccharum,  sugar  maple;  and  Ulinus  araeri- 

cana,  elm.  ** 

****•»<' 

**Leaves  picked  11:00  near  Ottawa,  May  18,  1953  by  Robinson.  Record 
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of  leaves  received  from  J,  M*  Robinson,  li5l  Riverside  Avenue,  Ottawa, 

Ontario.  Received  11:00  ^turday  May  23,  1953  (placed  in  refrigerator 
at  noon.  Taken  to  KBS  on  Monday,  9:30  May  25,  1953) 

"Balsam  poplar  or  cottonwood.  Populus  balsamifera  L.  (eironeously  P. 
tacamahaca  Mill,  of  authors).  Black  leaves  show  that  these  turn  black 
when  clipped  off  and  used  for  caraoudflage  at  this  season  of  the  year. 

Spec  tropho  tome  trie  curves  of  pale  green  under  (dorsal)  side  of  leaves,  and 
green  top  (ventral)  side  of  leaves  requested.  Blackened  leaves  are  super- 
ficially similar  to  the  blackened  leaves  of  pear  trees,  as  they  normally 
turn  in  fall  or  when  attacked  in  spring  by  pear-blight.  (Result  of  tannin 
and  iron)." 

"Bittemut  hickory.  Carya  cordiformis.  Hopelessly  wilted.  Turned  very 
dark  brown.  State  of  these  leaves  shows  that  this  species  leafs  out  later 
than  preceding  species." 

"Large- tooth  aspen.  Populus  grandidentata  Michx.  Leaves  densely  white 
tomentose  dorsally  (canescent-lanate),  bright  green  ventrally.  Catkojis 
showing  "cotton"  on  ripening  fruit." 

"Quaking  or  tenibling  asp  or  aspen.  (Populus  treiuiloides  L.  (commonest  tree 
in  North  America).  Leaves  only  relatively  paler  green  dorsally  than  ven- 
trally. Apparently  Ihis  and  P.  balsamifera  leaf  out  a few  days  earlier 
than  P.  grandidentata)." 

"Butternut.  Juglans  cinerea  L.  Catkins  had  turned  black.  Like  the  bitter- 
aaut,  this  tree  leafs  out  later  than  the  poplars." 

"Staghorn  sumac.  Rhus  typhina  L.  Leaflets  very  young.  Paler  green  but 
only  sli^tly  paler  on  ventral  than  dorsal  side.  Probably  leafs  out  a little 
sooner  than  bitternut  and  butternut,  but  later  than  poplars." 

"White  or  american  elm.  Ulmus  americana  L.  Now  in  full  leaf  but  these 
nearly  all  fallen  off." 

"Red  maple.  Leaves  fully  out.  Note  that  these  leaves  are  not  densely  chalky 
white  as  are  those  of  the  Maryland  red  maple.  They  are  only  slightly  paler 
green  dorsally." 

"Juneberry.  Amelanchier.  Leaves  fully  out.  Only  slightly  paler  dorsally. 

A bush,  "Saskatoon"." 

"Ironwood.  Hop- hornbeam.  Ostrya  virgiana.  Leaves  not  quite  fully  out. 
Slightly  paler  green  dorsally." 

"Sugar  maple  fuHy  out.  Acer  saccharum." 

"Quercus  borealis  only  one  quarter  leafed  out,  hopelessly  wilted  and  dark." 
"Q.  raacrocarpa.  Same  as  above  in  all  respects,  hopeless  and  dark." 
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”Tilia  americana.  Basswood.  Fully  out,  equally  green  on  both  sides.** 

“Betula  papyrifera  Marshall.  White  or  canoe  birch.  Fully  out.  Slightly 
paler  ventral ly.  Fully  leafed  out.  ” 

”Betula  lutea.  Fully  leafed  out,  badly  wilted  and  darkened.” 

”Ulinus  rubra.  (Slippery  elm  ? not  with  us.  U.  cinerea  is  ours).  About  half 
leafed  out.  Later  than  U.  americana.  Badly  wilted  and  leaves  all  fallen  off.” 

”Pin  cheriy.  Prunus  pennsylvanLca.  Hopelessly  wilted,  past  blooming,  leaves 
fully  out.” 

“Fraxinus  americana.  White  ash.  Badly  wilted;  like  the  other  cpd  leaves, 
these  leaflets  appear  relatively  late.” 

”Sent  to  Bureau  of  Standards.  Mary  of  these  were  too  badly  wilted  to  be  of 
lise.  May  2j,  1953*  ” 


^ ^ ^ 


Supplementary  Identificationq  June  2,  19?U 

•‘Spanish  hazelnut,  Corylus  avellana  L.;  Hornbeam,  Carpinus  betulus  L. ; 
B^sam  poplar,  Populus  balsamifera  L.;  Basswood,  Tilia  americana  L.;  Pin 
cherry,  Prunus  pennsylvanica  L.;  Large  tooth  poplar,  Populus  grandidentata 
Michx. ; Sugar  maple,  Acer  saccharum  Marsh. ; Trembling  aspen,  Populus 
tremuloides  MLchx.  (Quaking  aspen  is  more  common  than  trembling  aspen); 
Yellow  birch,  Betula  lutea  Michx.” 

•M-  * * * 


Supplementary  Identification. 


March  2,  1956 


“Aspen,  Populus  grandidentata  Michx.;  Plum,  Prunus  Pissardi  Hort. ” 
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THE  NATIONAL  BUREAU  OF  STANDARDS 


Functions  and  Activities 

The  functions  of  the  National  Bureau  of  Standards  are  set  forth  in  the  Act  of  Congress,  March 
3,  1901,  as  amended  by  Congress  in  Public  Law  619,  1950.  These  include  the  development  and 
maintenance  of  the  national  standards  of  measurement  and  the  provision  of  means  and  methods 
for  making  measurements  consistent  with  these  standards;  the  determination  of  physical  constants 
and  properties  of  materials;  the  development  of  methods  and  instruments  for  testing  materials, 
devices,  and  structures;  advisory  services  to  Government  Agencies  on  scientific  and  technical 
problems;  invention  and  development  of  devices  to  serve  special  needs  of  the  Government;  and  the 
development  of  standard  practices,  codes,  and  specifications.  The  work  includes  basic  and  applied 
research,  development,  engineering,  instrumentation,  testing,  evaluation,  calibration  services,  and 
various  consultation  and  information  services.  A major  portion  of  the  Bureau’s  work  is  performed 
for  other  Government  Agencies,  particularly  the  Department  of  Defense  and  the  Atomic  Energy 
Commission.  The  scope  of  activities  is  suggested  by  the  listing  of  divisions  and  sections  on  the 
inside  of  the  front  cover. 

Reports  and  Publications 

The  results  of  the  Bureau’s  work  take  the  form  of  either  actual  equipment  and  devices  or 
published  papers  and  reports.  Reports  are  issued  to  the  sponsoring  agency  of  a particular  project 
or  program.  Published  papers  appear  either  in  the  Bureau’s  own  series  of  publications  or  in  the 
journals  of  professional  and  scientific  societies.  The  Bureau  itself  publishes  three  monthly  peri- 
odicals, available  from  the  Government  Printing  Office:  The  Journal  of  Research,  which  presents 
complete  papers  reporting  technical  investigations;  the  Technical  News  Bulletin,  which  presents 
summary  and  preliminary  reports  on  work  in  progress;  and  Basic  Radio  Propagation  Predictions, 
which  provides  data  for  determining  the  best  frequencies  to  use  for  radio  communications  throughout 
the  world.  There  are  also  five  series  of  nonperiodical  publications:  The  Applied  Mathematics 
Series,  Circulars,  Handbooks,  Building  Materials  and  Structures  Reports,  and  Miscellaneous 
Publications. 

Information  on  the  Bureau’s  publications  can  be  found  in  NBS  Circular  460,  Publications  of 
the  National  Bureau  of  Standards  ($1.25)  and  its  Supplement  ($0.75),  available  from  the  Superin- 
tendent of  Documents,  Government  Printing  Office.  Inquiries  regarding  the  Bureau’s  reports  and 
publications  should  be  addressed  to  the  Office  of  Scientific  Publications,  National  Bureau  of 
Standards,  Washington  25,  D.  C. 
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